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* W ^ /7I < / ^ Ia^ « ^ jIjlpI” (^Loi JjIA jJ 
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1 




i ...!,• •>'<i^ (j*k./ISji iS a j I j ^J 2 l|f Uj r j y < X tSij* 

^^Tjj A- S t — ijj*" (t) = {cn'LjR < ujjjio a^ jL a 1m->U 

/? =(/2 + ,„2 +„2y/2 

• i? ^ » < * iA ! jS j I _ iS3Jj~! 1^ ^ ^ * " «»» I • A^(w) • * 1 ^ ^. 

A 

aS' I \ ■ ■ I ^ ^ I J 1 ^j i X ii " M l fti ^ 1 lx ijk4 ki^ IjL^ ^ 

1^ O^ ^ ^ ^ ^ iA A^ l^-W I ^ *1 ^ 1 < ^ Lj ^ IM ! l< 4D Ia I WliO 

Ij 11 ^ f T ^ A^ ^ J i VS'ij A-g ^ tSJ * ^A A>i Ia <Xo I » J^ J O^ ^ 

dl^ = C(w) Ojj_-<sA_j IjOJ + i/ciJj W o-T« t5l—*j- jlj— jC 3 ,jJLb a__U-« 3^ 

(JS (Jj I • >AjS A fi ll l>«t I^ T I ijjirf A^ l^Mo I JiA ^ (^) O J ^ ‘ 

Jyi JlaI^ ( )'r—) ) J^l-i 

£ = Ji(w) dJV - Je(cj)G(co) dw ( ^ f _» ^) 

j jaSciw.) jI^I (^Laa j\ dN a5 C7(cu)o'*j^^‘^ t5^>f 

• ^_5-^ ‘ .ijl J jl^ < Jjl A jJ r if/? c:.4«U<.0 3 /? 

A 


dN=2‘i- 47i£^ = nR^ dR 


{ l(i- 0 


L aS ^^JaJ ^^l j I < A A j ISa^ ^yO \^j J jl aJ A^ij-^ *-^,>1^ j ^ Y 

Cl^lj £0 = (cn/£)J?jl AjU;i«.I l^ . ^iaj jj 1^ 


/?^ £//? = (—^ £ 0 ^ dm — —^ m^ dm ( 1 ^ ~ 0 

\C7l/ C 71 

A* ’ tf” ‘ * Ajpi-^ L . OmvI k£l3iS^ ^'>s>- r ^ 1 } jj aJ 


Y 

dN = £i7^ dm 

c n 


.- ’ kt- 


£XJ^ 

c Tr"* 


('Y -0 

j I cum I oj L^ jm ijJ I2l^ 3 


{u -0 

s:>jyo^ ( If—I ) j' >£1315^ jj 

£ 1 r* r"" 

^ “ rv Jo "" Jo (n - I) 

j-.j 033 ^a^ Ij uJlij- o'kJ^oi* O^ ‘■=^>^*'^ 

p(£j) =^ ^ e(£u)a>^ 

C 71 


(To-)) 



iS ) 


) 0 


L (Y0'-i>^ J 

(T)-0 

4^L>%< J^j b (.5^***^ • Ai-i^ 


p(cy, 7) = £(tu, T)co^ 

c TC 




tS'x 


^^. ■, i . .l i ,j..jlS^L a^L« c ? .: o» Ua^L<^ ^ jl e 

ci^L ^]aj jl ^1 dib^l ^_^Ji. A jU:u»I co 

. AA J ij^ <“ ~ Ij — ijr^ b 


>*«■ - v5J'j ( - t 

^ I C5*^i5 <iiiA li5 ^ ^ A > A Ij Lb jSs \^yi j I ^ A Aj* * < * 

^IaS* L>^ jl c5j^ ‘ 0*j^>< 0>'^ t3^* JLl^^lili* 

• (fe = ^ /TAx 1 ® crg/dcg J fc ‘ ^ ~ « ~ «ii<l>,-^Li:;uciwl £ 

'\( ^5^ * ” * “ > >iAi^ Jflj ^J ^ t t ** b T ^ i ISm LaJ j I a >i lt**< >11 I Lj •Luk^IaO \SJJ^ 1 

J-® J-® i/p</x 


e(a>, 7) = 


J“„ dp dx 


(rr- 0 

jl limwI iZfj\.^ tij^l 


1 


7 * 12 

e = r—h - mco^x 

2m 2 

> all^ A^j"' * 7} — fc7 A>^ ^ A Okw A ^iw i^A lA|ji**l>ii> iXXj l^^yi l^J I 

<(iiSjljljJU t k “ t» y ^^ Jl/I^Ia^ j^\Miyi i.S^ iSjJ^^ ^ ^j*l^j-jLjii{ l^j '■^i**“lA>^ 

|H*aI^^^ Y 1~1) =fe7(jj"il«ijl ji b » d**«ILbL»^ ^j^ (Jis»»A 

C r ^Jy I ij 

(Yt- \) 

. 0—1 j-ltf^ —. (jJlj ol** 


PRj{£t>, 7) — - 3 ^ kTo)^ 
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■ «Xmi Aft l^^O^i^ b ^ Y iJaSc—v If ^A|ji t hA^A iA|/ L^ ^ c * * / b pLai ^ 1 ^ ^ ^ 1 ^ 

’. Aju^l^ j^j v^bSAf ( Jbu ^I^A^ ai« 

C,Kittel,"Elementary Statistical physics," chapter 11, 
Wiley, New York, 1958. 
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(Tf~l) 


^ \y»- (Y Y— ^) '^jy^ ' j 


Pm = 

O ^ ^ ^^ ‘ o**» I jlSjLv \ jty Cjy ^^ U j * >. * ? • — I L/ 

• J>#* "^jy* ^ ty*^ t5-^^ 

^ ^A i■^ j i H i ij - j ^ X'^a^aL*# 

^^jlj , 6. > ijl ' tJ Jtf* < r^ 1^ «| f « >‘‘«4ywt ( ^ j ^ 

L |. . i i “ ....« u^Lu; J J tS t = ^^p{oji)Jo3j$ t5-l^ { V ) 

. Owwl t J = oT* t f ^2j^ * ***^ 

J ( bl l< 1^ « ^ ^ J J ^ Arf \f* O'f fi (J ^* >* 

t k3 ^ ■■ ij t h ^ LfcJb t dS vl ' >tiw I ^ i*fc4 ^** I *1 < l^ ^ I rtt fc * A O" ^ 

ft ft^y£r ft\ft i Igfftif^flL^ 


*ij5j_^ ji tS * \ ft *' « H > I I » OtM I ^ *5^ Lj^ l l tf >«^ •fti' 

E„ — nfioi {Y6 — 0 

LS;^jj;ly.^ Otajb li «( jXt h ) h = h/2n o^J** j^>x»m 

t 5 *y ’ ‘ ' ^!^ *‘J |f **>*-< { YY“1 ) ^ tSj^'^ • /7 := ct) • Y ‘ • • • y 


£(co, T) = 


Y^.ot„CKp{-tJkT) 
Zr-o txp(-eJkT) 


(Y?-0 





e{(o, T) = -~ \n £ exp(-/?£„) 

op n = 0 


Oj^4^ ( Tf—^ aAiiLle L 

(rv-i) 


L . d^U%« ijlfiiJ^U- . aiiy , cuwl p = 1 /kT 

yXii ‘ ~ tjfTOi A jUr'w^ 


f^txp(-Pnh(o)= £ [exp(-/3ftw)]” 

B = O n = 0 

j%Xo T jjb j j ^ym, AVft i-Sij \3i^ 


(r A - M 
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„to 1 - y 

oc X 1 

Z *^^p( ~ = y exp( - pnhoj) = -^ 

n-O B^o \ — e 
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cu^l j jjTjjjjS'i jL j < { TV —^^ • Jjj '^jU^ L 


_ fiw 
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( ro - 0 


^a-A eS^ylf^ jSsL^y kS^yi (S^J^ ( T6 —^ 

Ij (T (r o—) ) U ■ 0) ^b |AA j c—,! t ^b 

C^^A- ^jyoA^ 


CO net) 

Pp(C0, T) = ^ (e*W*T _ 1) 


= W^/"p 
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vjT j*^ 
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j>j^t FpicojT) t ^b cu*«l jUjL, 0>'^ b <Jy*j^ 

0^“““'b * r *W> I jl^bn Jlfi d«ljjbL^ b tS I 

• d»«» (J^ji jl L, i i“ ii> o j 

yft i|. Ill * IS^/* *jb J < A^^i>w If i^jlxi A fi ^ bj 

iJipw^Of d>i^.H> vi4*»lci»jLj p(^-) T'^ * bf • i.' ^ ob-< <-« “ « > ■ 
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+ d/. } X o^ J>^ 
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dx= --yrfwj A = £^5 L 
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O) 
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T V 

• U jU*>^ h — 9f ^Tx ^o erg-sec ^ 

• ^n — fihfjJ i3-* ^> j-{ jSrfLw^jj t.S^ (^L^jjjl >i ,^” /IjS 1^ ^j*i *> %4 

^ ^ L/ ^Jftt I ^ ft ^f^jgS t* I LkV A^ ObW ft ^ ^ V>Jl^ ^ ^ «^A / 

• }a^ 




< I ^ I * ^ 1 Im i Ai^^J A^ ( aS *i 2 n i> I A Obw I ^ l^iAi^ ^ 3 ^ A Li 

^ * ** ^ 3 ^ Airf I IjT ^Jj I ^ I^iJj^p^ S lJ I j J * • ^ *•" “•** ^ 

j(S jj 5 IjJj jI Ij ^^^J5£J1 I iSjy'^ Otij-^ • 3Jts* *A ^Ia^ 

J-**^)c5^j 3stj^ 05.^^* <Sjj^^ • '^y^<s* *‘Vtf*L; jJi 

15 —-^Lliij^^iSJI jjS^b L « ((Jif—^ i 5 j>'^ jtf o-lj j Lij? 

f 

* ( T—\ iJ^) jP^ ^ W^I j*A.b 


» iAjL«^5« jp\^y^3j »K« A|^^l 1^ —j " >«ii ? •jrfj (SJ^tS* 

• Omv I ivMV Lu!U ^ ^ ^ L ai IM I ^ 

(5^X *^L< J—L{ i^aIS iS r A»t,^j«A 



^ t5 ) 




< jO l^ , 4^1 j ^l_)il < ^ jl . Olfl L< . AiS" ^:^b Ij 

‘ ‘j^Li-jrr > 05 >^* li-jiL 

«j—: j.^ j}^*-! . <^>^^5- -^Uvl 4jb«.Tjljju Su jl L 

. cum>I v_.w«Li:^ jK (^b Lf U u jL u »4 vq tS c^vl 



. I c ijyi * B f jJi I A . _pl . ^ J JSli 


j-i jl . «A<i aSIjI ( \ ) ^j m i “ .,A> 1/ 1jl^ 

1^ j I j .UuU djO 1- ^ j iS~^S^ 

, I «t/* U 09^9^ ^ ^Sjy' 


(•j^ = 0 


uSj>i' = h\ 
^^ = - 


co 




in 


Ij^ b^ , ^—****^ ^ Ci9^9^ '■^' ‘■^ *T' b I l-S^ ( jjj,i‘i«i> <^> I l3"f^ 


Cmm = ^'Vp = IV 


(r^i -1) 


>Sj^^ ' Hyq jl jPSjji iS'^9J9 03^9^ <Sj^^ ^ 

~ *Ai«b O.A^ • **^“15* cb*^ 4.. \ ir< «b^ ( j^ t* *! * 

3 ‘ Ij <S'^3j3 iS^~~i^9^9* 







j I Ouw I O j ^ i jlti A i|j 

Tma* = /iV - IV = /j(v - V^) 

d JUb LmB ^ Ij!' ^ 6 Lnw^) *>J <t* Iff I t ' ' ^ ^ O^ ^ 


(5j_pl . L^_jj:i)l_ 

(r>^- 0 


i-Sii< ( J tS j * A ^ v " * iMi, ? A ‘ < tf J i tf ; A 

h t^j ' ai n C (mMiM LSij ^ ^ fc>l Vft ^ ^ ^ ^ ii * j |> |f ft a 1 i .* 

j Is ^ 1 ^ A^ Omk I aS I ^ Ij^ .vSj; Lf Iftjj^^^ L 1 ^^ T IjLS Js lij ‘ " ««■ ft 

aL ^j.>w jt III ^ (^LftA«Al«A ^1 aS f^j ' « Viio L; |l AiijT (, " < IIP iii-f jl«iJfc» • jM 1 a ypLi* 

■ «Ajl«A (_^IS ^^M^tp Omw I A1I4T >—Jm>«iAi^ 


moi 



jlS^I^' aS cJ l * A» i i^lj^ tiS^j^iSJI a-JjLm ('f_^) JS-t 

• P^A O ^ ^J ^ ^ li ' ^ ^ ^i^i I>L|* ^S^^ ^ 

ts'f'i* (3«f^'i {jTj^ (*>b—» ijsjp^yi^l A^_^ ^ISA^y; 

*'V‘\ i>f* isl*'Vf^ li#*-.; {}yj* • 

* ~ • If I >—p<i»»UA^ 


c^LaS^ _^l i^ytji j'^ >p^« J* «. f iB 

the Quantum Theory of Radiation."3rd ed.,PP. 204-211. 
Oxford Univ. Press, London and New York, 1954. 
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)r 


jl X 1 ^ - ls I jy 

t5^^jj-'^0>5‘ ‘ '■ ^ ■■ ‘ * “«^ J-^*-^ j«i . «ij-i >ilj^ 

j »i ^ I j T l^«-<jjIiSJ t . > " ■>■. I j IS^ j ^ jj-: X 4A.i. Ia^ 

^jl. ^^^5- a^L ^xStjf , 1^3 ilw'’ 

aJL»i aj^l^ c^oJi j a;^ 

c5^ j-i 

/oc/o(l +cos^0) (rv - 1) 

j I X I ^ ^ • Om« I ^ ^0 O J ^ *^‘■'^(,5* ,,Wtf^ CS^^ 

^^1 a ^ Lo j ^ ^ I h\SL>%jjJb < vL^ fl lS ^ 

(TY “ 0 J? ^ iJy * ^ ■ la ? > ‘ ^ C./Am ^ aAm X 

A ^ Ia**«w ^ L f ^ \ ^TT) ^ ^Ixui^i^ ^ l^^^j|ii*< i«> >w 4 A^Xm a J l X ^ O*^ ^^ Ij**^ ^ 

A jtj * jy^ ^Ji^J'^ O ti' * ** ^ * L '^ c5** 

d-J^. ^ j N^ * ^ A '^y^ O.J^^ J 4^'^ I aS ^IjT* ^ '‘■^f jy 

■ (a-f Jil) 

&S *1 * |jK|/1A^ t^L/ J ^ ^ 

^ Lft X jy^^ ^ ^ «X<Lo I J Aw> 

^ Las ^ > v’lfco I J ^ A^ 15^ ^ 


hv - Av' = r 
A A 


T = ^ COS 0 — p cos </> 
X X 


(U-l) 


— sin 0 =;? sin <!> 

A 


o^y 

'VW'-O 

/)V 


0.^1 

p=0 


o£2_ 


(^') (v) 

‘■^ {v)^ J^ (‘jJi) o>v*^-P* i^Lv- ’ {c^) )J^ 

• 03J^^ Af 3 oyy 


6“ Thomsom 



)V 




. A;la^ ^j^pSJI ,j—ki- a—:!£:: ^ —:\ , < P )T 

J I ft J It *wWr ( L 

C = v;. = v7' 

< ^ ‘■*?* tSj^' I ^ aJ K:; . MM > aia^ Ij ^ 

+ 2 Tmc^ = 

j—ijj Ij ’-^•^ (TA— ^ Ij-i b </> J v' < V < T ‘ P 

iL^ 

A/i = A' — A = — (1 — cos 0) (T1 — )) 

me 

‘ 0‘ b aJ^lj^ iJ>*^ i>f^ 

Ac = A/mc =s;0.024 X 10"® cm (fo_^) 

^ ( 6 = 180'’) LS^'^W csx^^W* a' e^ « ij : • a.\jyob J^ 

• AA = 2Ac O ^ •'iS '^<S* 

Y 

< " i i: ^ rliaj^ bI jg ■ A|j* aOyw a.V ■5'^ ajc^l ci/Jy^ 

C5^;^ 5 a*a<i Li.f ««; ^^1^ <.5^l;^j^_p£JI a,jl^ ^ • •^(s* 

‘ ^jy» J J a5 liM-t ^;JT 

a «> l« ^ Y 

a^ L A aS t\w j I 5L * '1' ^t a«a.w Oj b b b ^ ^^ j *i c) *’ * ^a^ 

^>*^5*^’ ‘ OJJ ^ »i L« \jr^ ' ^ 1^ ‘iii b 

j I Jm tiA^ cSjJ b (s^J j *' V ifa > I < j ^ aJ IJ '‘■^#^ 

lllirKj^^ZiiSJ I a.j l*» « (.5^J W* a,^ ^ lA» ^-S^jIp I j«i ^ « tf > i. ‘ . ' 

• A \zSj^ 4 Ai«S^ 4 b b ^jy^ 

k.^biSa^ l ‘ < if <« ri‘ '— *—*■■ * **■< {S^j-i 

"the Quantim Teory of Radiation' "3rd.' P.215. Oxford Univ. 
Press London and New York,1954. 

.Ai^ajt^i^ W. Heitler o^b 
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)A 


) ^ ^ frt l>^ Lw*r ^ I ^ J L oS ^ ** fc*** 1 A hXiM 1 ^ ^'*- imf 

dp«^ Lrfuf T C^ C * i<i f b L^ 1 ^ » kX/ fj^ IM f 

., .. . 


i5j> I _ 2e^a^ 
u^j 3c^ 


tr'jj'V* O^ • jy c j «^b-i a • jj|S|{^:;SJ I jl^ c »j*i aJ 


C^ 


t " «.. ■j ..L jj ^ * '^y“ cLigl^ oy^3j< *-i^4- ^^jL 


A-{ ii~^xlO® cm (■^***'. 9 ^ J3^^’) Ojj'^^ ‘ ‘^'ijj*-' 

• I d A Um4 

OJL/i»t5^ 

AiiLf '-V^ ^ A JjJ , w * “ J3^^- * jjl*i 

oS AA ^ I 1^ * l ^ A ^ A^^>w * AJ^^ AMtty^ A|^ U ^ Law c f A^ ^ 

• Aril* ^^^vlkA < ^ ri^ A *1^ ^^v*Wilril f ^^ <J^ri f < ” %kri ri L A* >I H Ml ^ A|rihA i, tt| i i^ 

J^riwwA^ Lri \^jj A ^^A ^ ri il-' Iw U- 8, » Ji j A ^jJi^j]t> ^*^ ^ '^yi '^J 

‘^'^ts* i3*j j^} is<J^ 

-— =-^fA—(n, m = 1,2,...; m > n) (ft —L) 

^'m.n \f^ m / 

jA *Sj^,\ij cwLaaIma ^iftojp , lAriwol <a4wI^ R s^oH^YY/ 6Y^‘ cm O^J*^ ^ 

, AaT AaI^ J^j 


(>**i!jl'*u^^j^3 iSiriJ^i** •“ A 

^A^ lri I AJ5 jyfJf |k^A< '>^'i>' .3* Oif** C-J* ^ iSjy <^^'^3 

J —iSjy cwArii^A^^L^^rt^-drij^Ariri. AAj^^i^ c5i;j>^‘ ^ijr^ji ^ 3 J^'*^ 

(_5 Ij IA l^.A ' L mj iM ^ LaC j a ^ «~ <iii rt' « j3^*-t "^3 * As Aj Oli ^ ^ ‘ ^ '•^ 3J 

jk^ ^ 3* ^} - ^ ■ ' ■■*• < * > 
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jl • jt-" • ^ -*0 • (,_5*^'J^ jy) 
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(^Ijl J }^ i jL aS' >^l(- ‘■"■ i.v ( 1 ITf) aJLj jJ « es=f>^ 
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('fr-O 


I b /i ^ a^k^ ^dL^ISi# P ^ kiiki v ^ pk^ikMi > Ij 

a_^ «iM»l t.£>^ ^jklia.; (p = /jjz) ~ 1) 

J-fli c:^lj;l 

• Oui^^ri^ 4 > Vib I 4 WO ^ ^ cS ■^■'inr L ^ 

(J^j kijjlj JJ^-C jylf lS^ ji Ij e^jli >-S|i J^>^ j 

^>A j »^II*1'J IflfJ ly*JUs ^j*-a<w ^ l^iJ 

1^ T AaiyJkM* I L dS J C C,‘.<4y I A i.^i^ 4 tSXb l«^ Om*>1 


aJ* i^ Ji |flg b J A|f^i>w • OmwIaiX^ a^ V|J I * 1^ ^jymLf ^ h i*A 

I l^*p^^^«aSJI i ^Lljj ^ ^ V' .I Ij ^ 'f Y»—^ J 

• Am L^ Jj IA * ^ cSj^ t5^ OjA5 ^ o-^Aj 
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• ki-USj^.T ^^j>- ^^la^lki (j 5irti jIkSkS j 53 j ^ ^ ) 





ro 


j—Ttj Is (3-f^ (,5 ft— S ^ ^ ‘ . " t— ai jT j L*^ csl*j ^ ^ T ) 
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fl^ 

a = —J a; 0.53 X ]0~® cm 


( v'P^-n 


®—? < e — /iv 


^ aJ a ^ ^J j 1 a «i I L^ I a^^i>* 1^ 
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F. 




q d ^ 

+ - —(vA) 
c ox 


(Af-Y) 


(I OmmI OjLf^ Aj. 0-1tSiftT • 


oy^ 


— A ,^^xdy dA^di dA^ cA^ dA^ 

dt * dx dt^ dy dt^ dz dt~ ~F 7 ^ ~ 


cv ' 02 


Auti OJb ( ^ Y “ Y ) 




SA, ^ 


^A:, dA^ 

~T~ + T~ 

cy dz 


c<i> q d ^ , 

~g — + --^(yA) ( aa - y ) 

cxcdx ’ 


KSyjtt^ X AiJ^ 

F=-?vVA-< 7V<D+ ?V(vA) (A^-Y) 

«i l>wl jl * <A^L( r jl |_) t“ i m t V 

V(v • A) = V • VA + V X {V X A) {^Y —Y) 


kXw ^ 6^—Y) i ‘ d«A U t xhI 


F = 9(-VO) + ? V X (V X A) 
c 


= ^E + ? V X B 
c 


jl CU«<I OyLt* ‘ UXt'jrfL:^ . C1-.I JcC^jyk Ci^ ^ 

^ = T — U = ^mv^-y-A ' y - q<l> (AA —Y) 





f] 


tib 


' ^ i< ’ K* • ^« « M i ; i5 j ^jii jy* l)^ j<i tS iS^-i t5 

* j < ■ U** iJS^ t5[« < fli Y* j'^ a 5^• c>M>fl wmvLuL/ 

iSj ^■' . ' j C5"^ U > &^I|( ^|f“ o lio->*^ tS 

^S < \ .ii ft «i aS^^I Ij 0^*ilju jjloA,f v^ ^ Jia4 (^ >> « ^j^to • «\ i 1^ 

jl O^lkU IjO ^ C>^>^ 5 ) J Li . AmL; p j ^ <fj i ~ , f m ' 

jbUs (Y^Y'^T} ^^ UbAb^tSi? Li^j O'l^iiMii ill>> iS ^ Ix* ^ ^ ^b I" *T ^libI5c 

l ^ «i( I J J o «M»l tS »t , ii l<b ij ■ J*-*- ; * ’ ' jy^ • 

■ •*-^(j» U i 9j CuK o^./^ 

Jfr = tpi 4 i-^ ( 61 -Y) 

i = l 

*5 


5JSf . , 

Pi = T^ = Pii^l* • • • * 9l» • • ■) 

dqi 


(fo-Y) 


ObJl>^[;J«5f Obbb jl fjJbi ( (J ^—Y ) *J*iL* . 

*-^ ^J i o^( 3^ - ^ iSj3^*-i "^{J* ‘^Wv' 

4i *S ^f-ewY ^ <.^*S^al( i^ y - lif * t* , Pj y qj • . X i« r t«M B > 

- ‘^{j* O^ Y) «S ^UajH:: y Obl^n ^ bb «-*■■ > ■>{ 

• **>“<5* O^ Pi S f 

«OMbl Ob# jm jl I^L ” ***** J( |f <«i »b^ *S ■ "n M ,^ M» j “ «Mg | .f lS^>< *S jI j 

AiAm IftAb/tSb^ O'llAbkib* aS ObMI I ^UbMiflW O Lib ^bbl^bi L 

O 15* 


>'(r,0 = r{p,,?,)+ Kfe.O 




2- Legendre 





« 1 ^ ****| A *W 15^^ t5jj^' T o^J'^ ^ 

jj^T cu«j4^ *^j>->4-< (AA—Y )(^3 j Jn^ 1*1^1 U ' 


^_(p-^A/c)2 ^ 

Jr ^---+^(D 

2m 


(>^T-Y) 


* jl *^;iljLu aS jIj ^jLl; r jl a jUs-.I L 




Pj= - 


. _ ^ dJ^ _dJf _ dse 

<^Pj' dt dt ct 


-4-=--^ (>^r-T) 


. '3 ‘"(j** Aif* L' c>3r^\i* oS^ j>' ci«^ jL«* |k f’Y'—Y) Y^ cutw jaj 

• » ^ ■ " »*«■ * ( Yf—Y) ^ 4^ «o!il^l». ^^l 

3) ‘ ^jUja^ Uv>^ J^‘’ li jSf *^ ? *■ ■ *“ * Y ) 

* t ~ <iii I « r > r < ^ ' l^ <J^ ^ iSjj ^^ '^j ^«I c I 

J t * '*( ^'Y*"“Y ) Oy*^ ^ i (*3'^ aJjL** 4m JtS^ 

3 Pj(.^^ iS^X ci/^oIa* . t<x£i vmA^ Jb*'" ‘ aJjliu 

3 c.'l—«—»** jJ O^y^tj*' '^^*il** *■ 1^J>*- gj{t) 


P/ ^PjiPi .^1, . ■ ■), q/ = q/iPi, ...,qi, ...) 


{9'r~^) 


^\Pi\q:)^Jf(Pi,qd 

■I*j l^> 1^ ^l ^ Pi O^LcC^K* 


cSAtfLib ^ 

(fO-Y) 

ilff'Vfi LjjJ ^ pf,^Y ) • *i-jS «ij^_5 

b ^^A^aL< j^jb»%* aSLU * ,\r..,.^;jLL:S^ja 


^ (J* ^ o j ^ * t5^ ^ 


> jyii jS'.i a£^I jS« djf/di — dj^jdt = 0 • jS" ji )k3K 



9 


tr 


fjySJ^ (jb 


Pj = 


djf' 


opj 


{pp-^) 


(^•SUy >w , « \ » A l^ Jjlas “T ) J^xwfci' If 

c!^li i i>* i ^ « d Kj Ij Lfc<iii>^ lx JSLv 1^ 

• < ~ I IK ^ ^>lljLlf t iMf/a ft> ^ >X^” j 4>)L« 

jla« d>>Lw jl |fm f j^l»4Lf dS ^jS *-^ 0^3^t5* j«i 

^5« \ fc f * ^if ^ki\dtty!> cS|f Lb c J bu < CA.f ■ <Jt|fl*J i S|f i ^' < ^5 ^i AS ^ j* *J 


I 


■^ =« ^ + ^ »'W V, 


a> 


=Q 




(^Y-T) 


oii^ oSj» O'^jLua^ 


2 . 

p = — ma> jr, x = — 

m 


(fk-\) 




/> = (2ma)/>')‘^^ COS jc', j: 


\mo)} 


sin X 


ip^-y) 


^Y~.Y) ts^s T '• A<\j* Owi* jiLft5^d•ALo ij if — vi^^jLto jt^d^ Ij 

jf" = cop' cos^ x' + cop' sin^ x' = cop' = £ (Yo — Y) 

^JLw CZtS^^ 0>^iALu j 


p' — 0 5 i' = o) 


(Vt-T) 


jl 1^1^ iS *A|f 




.oTjl 


p = const = — 
ct> 


3 Jr' = wr + ^ 


(YY -T) 


j^IaajKs 3 c.>l ^ »i. > »» ij 





ft 


p = {2mEy‘^ cos(<ut + 4>), x=f-z| sin(a>r + 

\mu) j 


4 >) 


(vr-T) 


(■Mrtiif L>vJ^ i ^ ^ ^I I * wif ^ ^ ^ 1S ii ww* 1 ^C I i ut T ^ IaA ^ 

• t<Xm ^l|(^ t \SJ^^ * * > 1 ; < *ESj^ 

i 4 bi*» Lrf ^ I %^ii^ ‘**'^1^-^ f***.' t *"* 4 Ld# ti^ ISa^ * A^S i»il^ 

5 cu*»l ^J^^^\J^ o j" * ^ ^ *— is^'^ lk^ *y*^ ' .ijl.i L( 


jLujU jU*<M»11^< «Xv j>’ «il»* 4 G(pj , , r) iS'^ l*xii/ ^b 

•iSy£i h ~A yi j^j O jyot^ Cj i" ' ^ 


dG 4. dG , dG . dG 

^ “ ,i^, a7, ^^ 

£G 

dcji dpi dpi dgi dt 


(Yt-T) 


mm 


M, B}= X __-^_ 

imiogiCPf dqidpi 


r^ui* >0 B 3 ^ O-O? Aijjji" 

(Y6-t) 


(YY—T ) 


dG , ^CF 

- = {c,jr) + - 


(Yf^-T) 


rti'v l^ j^j V^bS&ij jJ bu 3K 

H.Goldstein'"classical Mechanics," Chapter9, Addison 

wesley Reading, Massachusetts 1950 
{ ) • >bLJ U. tllib *“3J^ b f J 4-1^ jl ** 

. Jiiiblji- J-aU jJ tS b *J 





aoaU.* . (dCiCi = 0 ) «^ " «»« s. ‘ ‘ o'—‘j (jjljif ^ly; 45 !^ . jyi 4 -e^U- 

^L: lliLft (Yf'—T}» ^'3 o5^ ci«b G xiL {g, jf ] = Q aS 

ig • ^ ~ ^i • G = p^ ^;J L o'^t 5 * j^o'** • J-! 'j la jLju 

. JjS I^T G = jr 

aS" JjS *iwb o'j^ts* 

{9i,Pj] = Sij i {9i,^j} = {Pi,Pj] = 0 (YY-Y) 

<juwl A Oj^A^ ^5bJ j jj a5 


<5.; = 1 

<5,v = 0 


(YA-Y) 


^ Jk|^ L JkM L^ A“m* I *1^ ^ aI:^Ij 

YY*“Y} ciahwI^j jIa^ iS^j-i 

l^wY ^^ ttXi^ ^ C^ li rt*c> %4 ^ LaI? 


L - r X p 


(V1-T) 




{L,, L,} = Ly (/,;, At == .t, v, r, u; 


{i:.-,L"}=0 


(Ao-Y) 


• ii V h *3L rf> 

9 j 4< rt* * > v> f 4^0 1 AJw dS di > itf 4 J ^ YiS ^Y ) j ^ 

* — (^. ‘ 15-^ ‘ 0^1^ Pj ajKs O^(>“'># *“3J^ l<cu«,l 

^ = !« /"(JC + i/AT,;-, z) = FU. >-, r) + (/', ;7^} f/jf (;^ 1 _Y) 


3- Kronecker 









li-lj j « — f ai;tyL; iS (5^»wA^ (^* i* *( U '^•»H 

Uj I.> i . ' i ^ ^j4VliS^p»- (r < c)jyi 1^ *Ml|;ljU |_^ IS (J L^. a C jmi L 4^ f^i,/..ftmi 

'^jy^^- i •^y^ C^* i>>!" (•j'i oy^* 


F = p 


(AY^Y) 

4.;0Z; p ^ '^y^ a::^^; 


(1 -(i;V))’/^ 


(AT-Y) 




>Lu ,«^ 


* << *» * £<'>' 


if = -mcMl - pi - K(r,0 


(Ar-Y) 


jf = iph^ + + K(r,0 


(A<i-Y) 


^ItX—lfy* tJ^ J»i jl*ijLf *'^ 


' iS^ i" Il f I* tS ^jS ci4^b 




c^ 4- m^c* + ^<J> 


(AP-Y) 


o««l "i-jUf tS I (jtj^ Jl** I L, 


p^p-_ 


(ay-t) 



fv 




• ‘^^5^ U j 

JaLo L . (XT—y) 4- oliljliu JLxl *S ^jS ''U,.vi^ u’>^(^ 

As>- j j . j>^ (ay—Y) cPy^ ' {A6—Y) *-« ^ jU-cl 

(^LjbU«AA^ U^J^ J“ ^,(> ^ , ‘ .^ 5 1 ^.J S■t aS.x.ft•^cy* 0^^(A<i—Y ) 3 ( AT—Y ) j y - Km . ; « v!c 1 

^ 3^ * ^ C lIj ■ (^Liij*.*I ai^ ( "^y^ .m . ~ jij-c 

> ■'j-.^.- jtJ < C^IS AiLol Ai^ y 

. *“».v.!v-..--L-» frr*'*- ’ iS^J-i^^y^ 0*“ (j? —^ 

»i—‘**,>‘_S -Jf «-*'•*» ^_jSa;_ jJaJ (^*il^^ CU^ Is < /t « CU^b jj« i «iA« " > aS^> 1^ 4 

1.,-»?► ^>,'■ r- !■• j^5 . si — aSIjI Ij sX^ /i —* 0 aS J X^^fcA ^ 

V.. >.i>L^^! aJ silj ^^yXimS \j {Jp\[t^K!J 

. j Lw ^ Uj ^ ^^^ •“ 


JjLukA 


L = m{xVy — ri‘,) tS ^;^Ll.: "lv»i-«*( \ 6 —T) a jLfcul L^ )—y 

■ d*«l> I ^ LuMiJt 

L 3 [iSjy^^) E <^J»- I .*. w >^ ( \A—T )» 5 ^-<*>?’ T—Y 

, 

O^us^ y *^^ f " ■■■■if w *>^ T—Y 




- /= I j*i 


Ajj'i^ I ^ * t*" ' ^ ff~^' ^'^* ^ A.\j 1^ j Ai^ oum ^ 

p jlJw L ^ 

Ak>lj ( «_iJI) 


N 


I ry • V,.^ ) = { I P> 




.•r= 1 




. 1 , 


4-,. 





fA 


kS ^ T j j a5 Ij 



G = X?=) p; • *■; j' ‘ « -V^ <^li 



(o ” * ■• 

• * <SB) J4js 3 Jy V?v^Aju ( v) 

4-«-Ai uUkt L 4S«.I 

'^IS“ J^j J 5 


-<<D> = 2 <r> 

T#^ » K =/Jr" J.!—j«> tsix •V* j ( g.) 

*v\y j«i >fj Jlofj 


<7'>=i«<V'> 

A «i Lw> J^ii Lwy t>Sif 1^ A ^ •) ^ LmW A (Mt iiSif Lf ^ ^ 

•(.T) = <( 1^'')Jltfjtfj) 

• j*^ U O^A#* jy^ j*^ "^jy V—T 

X L ^ ^An^IShi? aS ^Im* ^^A^T 3^ a^IaImI < a 


<J'^x 

Px = ftlV^ + - 

C 


J I >—MX I (p ^ j* ^ ^ A| •) ^ Im * ^kA I l>^ ^ 


p^ = (r X mv), + ^r X 


ij j„bLsx ui^y-lrf*U j <x^ JL-sl (6A—>T ( £) 

• ViMX^A^ 


5“ Clausius 



f1 


(Ji 


^ ‘ b f (j^ y * U * I* ( 

• '"f'J * 2 ^ ii r^ ^ \ij ^ * T * 3 fl. *’n »M fc 

ol-sl 1^ { v^) 

{JT, L) = 0 


6-Y 


z^\ A~i««i,) 1^ < L — Lj+ I tsW^b *-'1^ 

jjjSjj* i3*^<<0 j*^ iS Atf <6 j ?“T 


{L,,L,.}=L,, {L^LJ = 0 


(A<i-Y)3 (Af-Y )-hf 'j 03-4f*^ o^^Lu ,>1/^ (v^l) 

ftS o^iJbJ (jL^ ( V ) 


Y-Y 




rei 

rel 


v/c-tO 


v/c-tO 


•^nonrcl 

^nonrel + »'C^ 




Curbcn, H. C, and Stehlc, P., “Classical Mechanics.” Wiley, New York, 1960. 
Goldstein. H., “Classical Mechanics.” Addison-Wcsiey, Reading, Massachusetts, 1950. 
Konopinski, E. J., “Classical Descriptions of Motion.” Freeman. San Franscisco, 1969. 







«jLi tsj 

^ ti lit ^j« ft A^ -iaJU < AjKiJ ^ l^JJ^ ^ uWf* j ^ ^ > X 4^ Ift j ff t T tit A f > " «iii« ^ j* ' <J*^ ^3 

« A < \ iM, * A J ^ ^ Y ^ cJ ^ ^ ^ > ■ ^ «X *liM *A « iS^3 * ^ j»‘ ^ ^ ^ ** I jM* * j 

^ jl,xi< ^ IjS o Ua j 1i53^ u ‘^ U(j* KSjy^ 

*-^ -^U ^^li i5jl>- b L 

iS ^ if j iXSAl^ > J J ^ »—« » > J A^ fj^t^ ISm ^ *‘ i<ii ,j iii <,.5^ J ! O Lc ^Ua I |k l_|j ^ ^ * ^^ A { 

• Juv ^J l^w T 1^ * ^iJ > ISm j (JU# l|; Jji^ " iM ^ A|j 

^>XIm li 1 / < >l.'‘ii*<A <3ijf i^JS^ 

■ia ^ i i " llir tX^rf i, M Mi " »A CU^I A Olw AO^^^ISal^ ^_C <» X i.^J^jt *X 

|» j I ‘ i«mA^j 4 jlw'jS’ j^ U^ ^3^ J ^ -/* ^ > \ J Iy ^ ^ .« ,; •X (j5 ■ X . Vf JjA^ 

*—MX ^ ^3^ I* ^5Cxlj^te IgfJ 3 1 i n , uimm I iiSj ^“X \S Laa •X jji^ J *x jjix Lc ^U» I 

, a£ Ij I jgj J J 

N KJJ>< ^ J’^ ^ 

• '^3^\J!* T V “ .t^|> J A3 ^ ^ A I tf itxjA^ x V jt^Amr *> ■ LaA j *i J I ‘■^ 

■ X M t» '* xj> xa^ j^ ^ iX^^amk 3 ^ ^ ^f ff w jfcf i j. ^ drfiL aS >~«ii» I J ^«x^ 

j<j c5jW'-^*^*“L C>ifl • Alft k ^ i * I ^ 'j ^ 





• • i = j • j = k * k = I 
i • j = i • k = J • k = 0 

'rw^-p Lei ^1 

(J * *ii < -iyM A <1 IJ LtJ 


a = a,i + a^j + a,k 


(^-r) 


•^—l<Lf • >lJj " '(J* A«i^Li k< J < I Akitl^Jo^a J ^ 5 1 ft fti \yl Ox ^>r < ^x iol,jii*S 
A* ^ iM' A«ij^ Ab( ( Ox J • Oj^ < dxMib> S i^ ft ^ •i^S'b 

di«w 1 *3 ^ ijft A|f 1 ^ ^ La j ^ ^ ^ ^ A 3 li*< III 1 ^ t «3 

<»* = »’** fl, = a • i, 5 fl, = ft • k 

IftaiJy. 4^1^ jS^ jJ 


fl,=ft*i, < = ft*j', 5 fl/ = ft-k' 

aJ^^a^ jI JjL 

|a| = (oj + fl/ + ax^y^^ = + a;2 + a'/y^^ 

^/ai 3i\ lA Lf Li^[i( LbA|f 1^ ^ I*? J <3 aS^^mL jutS I ILaA,|{ 1^ ^ l*u^ ^ 

I ' A «3^a Ij 

(^1 tAAt lx 5 Ciw* Ia <3jJJI «3'^y L> 1^ (j'l*iaJLJ 

l< t l^T 


a ’ b = a^x^x + o,b, + Oxif, - ajb^' + a,'by + ajbx’ 


■^x 


iXi^X^ ajUiXmiI If I j Alt j<i J^'^X (5l*AiJ^ 


ft = I a 






(Oj^4^ J^l cf^y' ^ *^^^< 5 * b • a »^^J^L»- . jlj (jJi^L; 

k^^dAxU j\ A jli:;««l L . ^yl A S tSjia*» 

i r <i * |i I J l^i> L 


b ‘ 8 — (^jr , J [Oy =0x^x'^^yby'\'0^b^ 


(v-r) 


fj:^y^\jr<j^^ If \Sj^ ‘-^ aJ^^a- Iij aSijimt.! ^>iJJ 

Vj—^ J-a>L-^ ' 'V*^ 0^1^ j(}*A 1^ \j ,j^Uj. 

. Ow>l fSyi tS t <J^ (J*l^ 


0 /O\ /O’ 

. i= 1 . k= 0 

W \r 


(r-r) 


W^UaA^ «^al-aUihA ^ C *^JL/ 

L Au—jlsa i jL>^acu*.Ij a^L <-5^ j-j o>* 

^jy^»-i ‘ (^-r) 


a = lA7“V 

i= J 


if-r) 


j ^ A i . " j l^x j Omw Ij Ja.^ ijj iS «> .fiMtrf 


<xrftj = 5ij (i J =],..., N) 


(^-r) 


a? = 


Ov = 


i^-r) 





^ C5 r 




(Y-r) 


^ n ^ S iS O^iw A^SL/ ^ t A0^0 IaJ 

dua I {^5—^ L{ J ^ lA< ^ iff ^ O LftAiJ^ 

, i \ * 1 * 11^ A«Xav jp j l»« 0<< ^ J'^ lA&jJy* i» ^ A|f 1^ 

4—j «1 aS |> |f * ** ' v.^ < > " <«<I «AtS kS *^ V ' A^ Leii I I j<ii 05^ 
l#<A l^ > JLuw la l*> l *‘ i > i« LaJ Lft j I *^(J* U|A^ . J I J |>^ J > ^ IjAv ^ ^ 

aS * ~h» I j 'i ^. ■ ; . ii Wi i A Lj Q ^i|j !> ■ A|f cS^ j«i X (^ybbAAJy* tS f 

I * »i aS IJiX L *i ^ » Ca^^«0 iir J ^ t, ^ 

'-Atf^ >1^L{ 


. ^UJU(a*(^>,a*‘2>, ...,fl*W) 


(A-r) 


\Z0jyo6^ \j y Ij J<5^1.15*jLaaJ 


a = |d> = 


^1>J1 Ji*. , 


{^-r) 


I A.\f*b ^Cai'jl I o) O^ 




()®-r) 




1- Ret 


2- Bra 









15 -^ ‘ c-wOft^ a ci5 jj b tjlj- ^ ,gk,J‘:.-k« (^lajjj v5L 


a 


c = b • a = <fe|fl> = (6*<' >, 6*<2>,..., P 


n)\ 

( 2 ) 


.a 


(«) 


1 = 1 


(n-r) 


<Jl5_ 1^ iSd <—^J-oU- dS” 4*^^ C .^lj 1>{I jl Cl5 ^ l_^ 

<2^^*--f J '* * ^jf' • *^*^(3* l^ 

w^JitfU. k !•• . > ,> J*'>* ViP>^ *^j * ' «- if > 


S Cl—I Cl5 J^'^X 

lfl>^ = <0| 3 <fl|^=|fl> f^Y^Y-) 

J I ^ ^ &S I ^ 1^ ? ^ r Lt d <\ C- l^ ^ I d ^ 1 j C*W W ( ^ 

^ l*jlUJI L< cimvI 

c^ = «i>|fl»^ = <fl|/?> = c* (ir-.Y) 

T, k !' > > %« jl <~iiitI vTojl^Jp A<iLw I eJ 1>J^ t 4 ^ i f* » ' j>2 

‘ ‘■^*“1 * " «» * «* J ( J*fc ‘ *'^ 4A|(f*A J 4<i|f«b jljj^ 

<S^ 

1=1 1=1 

O/ \Z^ i_j^M j >U ^ 'f“T ) J ^ 'kwi^ < J (^J ^ >2^bj j I 4 'i 1 >* «ii« ^ b 

|a> = Ia">|»,> (tf-r) 

1 = 1 

. ^ . CImv 


I 4^j^ i^inadL^ braket ci5lj^j|{ 







1^ Jii jj 1^ 

<a| = X <ai|a*‘'^ (^A-T) 

I — I 

JLi*^ ArfL . jyi <aiy 

<<^iWj> = S,j {\f--r) 

^l ^V fc ^ I hVm■# liC/^ v^Mi*I ^ irf> Ii * >< t ^ r 

. CUm* I l 5^ Lf ^ ^ I <JtS jJt 


ti i 1 “ A^ iS^J ^ O*^ rt l|f (^«lj|^ jy< t*» t* fc ^ » ^ C 


dirt^ It I ^ < / 1 .*t 1 ^ 




I . 


\by = A\ay (lY-r) 

• Am I J* I by ^J AjjTcmmA*^ CUmI Up^i J? jSl*^ 

^jljlj tS ^LbjSUL^ < (3-^ i Ij *A*>^ L • A^ 1^ 

^[c\ay->rd\b')]=^cA\a)-\-dA\by (lA-r) 

t jj jh>v» 1 ^ • ■ .i t l^ d i c *I^»Ja jI jb«I j Ij d^^iJA tjLfcjlAj^ iS^/i 

A-i A*l^ |Z>) = A\ay ij-< I (X(^ Ai^l^ J J ^ 




<=> i 


(»1 


(M-r) 


Ij I ^ Y) Ci^j^ * ‘A**" A j ^b c j21 < >n£ L( Arf vji< I j A I(_5 j5l 

(Stj'a f ^^15* (.T^Ia <ayj jA 


<aj|A> =A<'> = j;fl<'><ayi^|ot,> 


(To-r) 





1^Y o—.Y*} c-kjvi . d U I a^y A jSJLf (j>^j ^^ jial^ 

aIx/Ij jj j \ay iS 


by = A\ay 


(A,, ■•• 


A.J 


(Y) -r) 


* 4 l > fr aS J*^ ^ ^ ^ « *iyM A 1 ^ O^ Cji f^ iS ^ ^ ^ 

oSuij I J I Lix < C<j». I A L^A J y/ l^JJ ^ ft A ^t( '*»3*^ 

• C *M > ' AJlAj jtS'A.j LS^>< 

^j-t V*^ JI 1^ _j i:i*S <.^ t5jj b ’"^Hr?" j ^ ‘•-" ^ '-^ 

CJ~' -' ^b* J ' Lcb^pSULx , JiJiS^jic liA^pSULx ■J :> Mi 


(AB)C = ^( 6 (?) 

+ /4C 


4 ^ ^ 


(TY - r) 


I ILu l« it*»« Li-< L/ <Jl£ I 


tj^3«£3 t.::—I b f ' l»jS!JLc j^^a jL» 


T|<i>= |a> 

j I u;*u I Oj L^ IjbA^ 1^ p j J j^T ^^ui^jp U (JSri > Ci***i I Laf l*j ^ •^y-i |t Ia3 


/I 0 0 0 
0 10 0 
0 0 10 
0 0 . 0 1 



^ <s r 


1 L AiLi I j ^yri • A ^ < jSiLs (JL (jjj (j 


A-^A = 1 


(rr-r) 


♦ <J-^ I L C ^ 1/4 * 

L—• *5 (5*^’^ * " ** ‘ A^ • fSg ^J5(t>J^ 

ft l^jyir»jAi{ Ij jtSftbf L>V4^I 

|i>> = /l|a> 

»5 l^>\J !<!>>«» 

jj Ij t ftS Out If 1 > 6 A ‘ ' ’ V *'“^^*^ 

^ L^ftif If > ■jui 5 ^^j 4 o,|fJ^ ^^1 i 5 ^j ^ ^j I ^ c A^ * jljJ 

ftS o^ Ofcfb 


<aJ^|ot^> = «Q£^jit[of^»* 


(Yf-r) 


0^.1^ j 1 ^ ? j ' tiMi If Lb^^ixkv ft Ij^n ijAf ^^1>JI « (JSut jO 

• iA|f <i'‘iiu* Oftf « L* C 

j S .im. B c5|f. ^jj|^^ C L.c j jo jSlkf ^o 

OhM If ijf ft l^j I If i ** l»*W ^ 




<a,|^|aj.> =«aj|A|ai»^ 


(TA-r) 


U If >ilj^ OSJ^S '^3^ OJbl^ ^ £L ^ 




(YY—V) jl fl-ili::i-.l L . 1^ 


j^l jj OJj^5 3 Cft^ o^tlf jLa I Y Y"^j;) O^ ^ c5jr ^l * ^ 



<21 


^£(a>J$iUc 


- T 


(T^-r) 


U jij -^'jD 

(ABy^ = (ABy^B^A^ (TY-r) 

!«/> *«f ^ csjj 'j 0 Af 0.5---^* 


l^/> = t>|a,> 


( ^x) J*^ ^ 


<^j| =<aj|0^ 


<^jl^(> = <ay( 0^01 a,> = <a^|a^> = 5 ^^ 

^^^5* 0«i j l ^ iflm iw Ij 1^ <JS|/ I ‘ ' jO 

J>1» (J*^ c:«i>0 a5 f^jt^ * ? v ‘ *' ^ 3 0 

*>^15^3** j3^*-i • >«^ 03*^ ( t5^^'* 3 

< '* > ■ > < ' ' > I ^ 0 «*» I ^Ia Al 'mw ^ 'T'r y? A^< 6 

J i4 Ai^ A ~ > n «^ J J ij‘‘^j^ ^ cS^ ^ ' *-«*» I IJ j3 ^ ^ ^ ji^a” 

* ^£t A-JWW L^* A^ l^ 


w 


Tri= X<«.l'^l«i>= Z^ii 


i= 1 


(YA-r) 


j= 1 


J *A^ 4j c*.» 1(5 U JjJ Jrf-? IfcCc^ ^ L^ jp J 

<ai|^|a,> ••• <ai|v3|a^> 

* 4 • 

• • * 

• « • 

<a;vl^|ai> ••* <a«|^|a;v> 


A\ = det yl = 


{T^ -r) 







. L^«X j-JLLuC 3J "^iLj aS jyLjLjb 

j ^ J ^ r * Xi 1^4^ U- U:; 

[A, 5] = AB — SA ^ y o — Y') 

. j^iS^Ut^U jSIaxjJ j^\ tS oU; 

‘-i^l—^ ijTj^^^ j'i 15— o‘‘* '* ^ j S iu jrL>A^L> a 5 J j—^j j'^ 

. >^^54 i5jL 


IajIoj^ *>rfi j laji^ r 

J ^ "” j*^ • 3 *jl«ijl jl«i^ l5^j j S liJ <.5^ U^aj 

>Si (JaJ OjO aS 'j jj>[>- 

ki—b V^*-< >?^ '^t5* 

aJa^Ij b a:;S; ^J|fl j ^y£.^Ja 

/3|fli> = fl,|<i,> (r^-r) 

1 L( J I *‘^if J ^ (J*iW Cl *!* I A Oyit At L® I I C^i^ ^ ^ ^ 

j- jl Cr^*^ •ijl J N ^ .i*lj^ 0^3J • "^9^3 {^^3 

*j— t 13 3 |<Jj) v3*^ ( Y* T) J jjlJ i~ ii..A 

ljj« AJt|fAb A 1a jIJuu ^ Ial:^ *^3 

A 1^11 i|^< b jSX^ IaJ 1 kXJU , JlXm li((j<* ^ '^9^ ^ ^** ‘‘ " jt" <>5^J ^ a^AA ^ 

\j T o<M< I k^-mibt^. ( jlI?^ja» * a > <a I j Ia j^'^y ^y9 tS btAj ^Ol^I ^ ) Cj9^ • 

tS jjiAtf ‘ j W'-V< 


<Oi\ai} = 1 

gf^ ^ ^y3 * M* I A * ^ L^JLA kfAia 1^ A|f 1^ *-^ J'^ b 6 l-Si; 


.jOitL,^ eigenvalue ^ eigenvector oUISa*#-^ «.^^a^ jI a^3 « 

^yy L '^9^ eigen 





Ltj fjjf <1 j 


'^^3 L -wj ‘ Jl^ ^jI^JLCA^ , A^L>t« LAjIoA* 

J'^ tS'^3'^ A jSLU^iL; 




JSi jj y4|oy> = a^|aj> tfjloA* *JjLu 


U i)(.i ::)-.,(;3 U... 3 , 


(rr-r) 


Oj^^ y ^s^J^ *JjLm L( J jLm I y*Y—V) *J'il*» • ft#^ 

iSj-t^ *J>i La* 


det(X — Iflj) = 


0 - aj i 
—i 0 — fli 


= fl/ - 1 = 0 


Lj A La c j^L® j I.A4*4_5 i{^ » fly “ i L f fcJ ^ La* L ^Laam^^ . ^ "^3^3 *‘^ L^ 


1^1^ l<^LiSa iS^J^'^3i*yi!3 ‘ ^?2““L 3 Qy ~ + \ 

j_S’,ii* ^LfJ «S j^^Ua . tik«.J4^ ^Y'T—Y) j'i ^ tf i “ <«« « *■ 1^2^ 3 

0-«i^ ■ '^tj* Lj l^T^lA&iJ^ «-‘ f ««»* ‘ ‘ (X* 1—Y) * 

L^ ■ |« ^ « w j Ljj ^ lj.j Ij ibS") lS Ia* * Lj* j L ^1 jSyA tS Ortiw L «i |*j® ^ 3 ^ cs Lj Y 

A -?v^ < flj’^ = ] ^ (YY—T) j>^ ^1 ~ + L jL,iS* 

' (Sf-«i<>5t5* 3 — -i 


l‘''> = (-,') 


k,> = (') 


flj = +1 tS'x 




< flj = -1 


* jL J ^J:^ L*J c5~^^ u*^J^ ^ c5^*i<L^# Cj ^ J*^ LajIj^ ^^l . A(\5« cu« 


I «A 





pr 

K-^j0^ jkMY L/ jL>fcjijb « jL/ldAJw I 4 -/ 

**? V ' * *~ * tj ^ I d O Lw %X^ 1 1 A 4 1 >*X < j lo ^ iS I > < * * « > \ ii* 5 ‘^^^j Ij T 1 jyj 2 

j A IaA f di^l^ * ^^jliil^t i. V ^ lib^loJU aS C^4>^9 O^ ^ ^ A^^^ib 

• ^y^{s* cs^^3 

* ^ t : ^jt3 ^ 0^1 '■^C5* O^ < 3^ Jli* 

AO^O ^*^Ef 1* A ^ ^jiLfc» 1>^ 

J1 Ia^^O>^A^J ^ Ia^1oJL9A_^^ aS O^aw Jiy^ll^ ^ * JUm L A^^^iSaC lMif 
3^tf l^ aJ0 JJ Ka^ 1^—^ A »m l>w» aS'^ IA^ ^ j ^ 3 i> P 

^jt:3 3 O^sPi^ v::**«tf^ 

< iV 4 LaJ Ij^ l O aS i^i»M» I 4 A»i^* (_^ Ji^^A ^|| < ? l^ A|f 1^ 

* ^ i-j ^jy< {s^tf^ 


jLbjSLU^ J UjliAAo A^j f 

^i< AJ U ( v r <J^? iXiUbl^^ <— ^<3 ^ ^ 

tf j " ** u * "; j ^ ^ I « I^JjCmm4 ^ A. T *>J J LjS^dCf iS ^ "' ’**** ^ 

9 i^awX)^ O aS < "<iir t AHm^Lw ^ 

« jS S^ £ ^^ (sarf —** ^ 

3 fly J [t5t^> J xiL ^ • <Zf(—f^{ 

J I dw I LfJ, t O^ ^ ^ V A < A^i^J aJ *i Iao t L^ ^ J ^ OJU A^ j 

^ky>-^jky> (y- 1 ,..,^) (rr^r) 

<fl,|i^ = <^?k|flf/ (/:= 1 ,...,N) (rf-T) 

. j' O'^/r^u-^ J - |^?;> j-i {rf-r) J <‘^*1 j'i (rr-r) v>^ ^ 

<flk|^^lflj> - <flt|^|fly) = (flk* - fly)<flt|flj> 

* ?v" ' 3 '^i^is* Sr*«- ‘ (^ = 15^>* ,ylLc 





rr 


(a^* - aj)(a^\aj) =0 {XCi-X) 

t ■ \ .i t L jim> k > ^ j I ^^t3 '' j aS rt"^*f ^ ^ ^ ^ ~ y ^^ 

* r *»i * ^ |i |j jb 

(Qj* ~ aj) = 0 L oj* =aj (Vf ~ T) 

• Aw L ^ j dS I ^ ^ aS^ 

i C^taM ^ ^ f JLmm ^ jSiS^^ C^L j ^ j J 

V CTiWi# ( ^ ^ 

I JA /i*^ U^ fij fco u f t^ c jSb 

cumIa A" ^ j j I Y^—^ * c#£-^/ 


(fl* - fly)<a*|flj.> ^0 

^ w ^ jS I ^ I d I U m (j^ti * * ^k) CS ^ ^ AJU 3 ^ 

^k; Aj^ *^ L«" ( f< ¥^ j \S^J< iPk ^ Clj)\Z^\ L j3 

<^3jtl^j> = 5*; 

aSA^ | j* i * ^^jfg Ial^ • d^w I A Aw A A I a^ w I i , * I ^ A lib^ ^? * ^ **< A ^ Aj jJ 

• AAft A^^ j I d .*wIjAk|rf 1^ L^ ^ A **M<, ft L * *S^ ^2^ 5 1^ —f" * Lj jA ^ ^L fc C ^.S^ Ia^Ia^A^^ 

^2) A^ A* lji r *4 j A^A^j 4 4^1^ t - .Mi S . t , L Y *,tfW oL^I < i^ ^ -P 

•ij_)* J ^ o* li( I^M* ^ ^ Cl*** I »i>t J3^ J I «**> J I '^jn^jtt3 3 

( O— ^ <r-<“ ' ) j^UjI.^ *>^3^ * r *—*3^3 ^1*^ * tj ‘ ‘ ^ <r» “ 

jfil»£ C . ^ j Lm^ ^,^3 ^ ^ ||J 

(Sf^U®-^ 1 J>^ (j ■ ^ ‘ <" U Ij ^ 

^|fl,> = fl,lfl,> (^irv-r) 

i 


^\02> = 02lfl2> 


(vTY-r) 





^ Cj^S^U*'^\ ~ 02 — a ly^T j^\ »y 

|ff,'> = a|i7i> +/?|fl^> (^jJI'f'A-r) 

3 

l^i'y = yloi} + S\a2} (v^fA —t) 

(Y'Y-r}j‘i j ^ • I jUh I M l ft* ^ J ^ A ■■Mfc; ^ ^ yt^ ^r-i 1 

A\a^'} = ixA\a^} PAloj} ^ a((x\a^y + P\a 2 y) = a\a/) 


^ ^ y i P 4 ol L » \ r tm i / tiMia I ^2 ^ ^ 

» ^ j ^i \irt d^iMi . ^ iIj ^A2f‘X> 

■ JJkM £# Jh4 /j^ ^Mkd AaA> »—Y |dJ 

^ 3 y * ^ ^ ^ O d.* V »., ft l^j ^ 3 ^ ck I • cz# (f-i ^ 

L d ■*■* t dS w I 


<<j,'|a,'>/0 

« l^J iJkA lli * id liCtA ^y J ^ iJL*i»m L ^ t iiii< '!^^j 

^£i» C ^A (5^? Jt*£Bi* ^ ^Ajia J^ iO f ^ i» _Y' joJ 

. Jj/j 

^ L^ \ijtO I* . J^^ cAjJ ^ ^ V—«..U *V J O L^ t —— O ^ 

<flj 1 02 ) "= c # 0 * ‘ ^Uiu ^ Y'Y—Y' )jj \o2y i\o ^y 

Lf * "w I j *J .ijS ^ I tsU ( Y A—T" 5 Ij""'- 


<0lV2'> =0 


3- Schmidt 



J f J rt f MH«> J ^ ^ 




. 4,*«J jJ O tf ~^ J LL^ ' "^y^is* 

« Qiii / j /j J AX ^f> ^ fjSL ^Jj C5 0^£la£ jjta mt ^ 

j 6^*ijb ftj^uuf ^ 6b d ^ J * CT**** / 4 «Juw ^ 

^ t ■JutaLitJb ^ t* ^AJ ^ 9 {_$*i 

« dl^MW ^ ^ ^33^ ^^ *^^^*** ^ ^ aS jAwmS* ^ J *3 

-— yV ^*-S^ {^it*j^ jSi*£ 03^ 

^ A ^ 4 &£^Ai^>v* ^ f iJlJ I Qyt ^Lg Ll »< A^ * "— ^ 

j 1 rt ^ I Agrf l^ • j tS*^ * d 011^ T Ja^^ i« *\ A jS^ ^ iS ^ J LtoJI 

A lAj^A L^ /4 ^ ^^*^3 ***""' ^ ^ «J^ j^ I > ff ^ L^^fcA * ^""■ 1^ ^ ^ ^..^3 

^ IM A > JSw ^ J'*^ A|fl^ v5^j^'^>< ^jy4>A^ IajIj^ 




\^\ 


i^\ 

01 

1 i 

1 


0 

0 

0 

II 

x\ 

0 

0 

0 

. |fl3>= 

1 

0 

0 


0 


0 

\;/ 

1 1 

\:/ 


VJ 


jJ CUmI OjL^ A|/ l^ Ajtc^ A \J^J^ ^ 




fs 


0 0 
Ql 0 
0 aj 


\ 


%/ 


.J^ JJbl^ 4^1^ ^><l jO i3|fl,> = fl,|aj> ftia-flj aS *^*-^45- oUf^’ ^ 1>' 

45*-^ i? \j^>'^ *j^y*^ X «>fj4-{ 4i<lt ‘•^j* Jrf'^ 

l*ljSyb 45 CX»1 4^^ ^Lfi 45 ljlj Jaii 4jll4i>xj« 4^It j-^ Kjr^Jp^ Oii* 

, Om«I X 4jtj 


jlaa«43i>3 AilxM J j5L>a^L>— a 


du. 


5 jlo 4jt^> tjr^ fi ‘ (3 45^^ j£ 1*^30 451 * 4 ^ 1 ^ *jt3 






. *^ u ***3^ L.L.1 S } Ji (^LbA^LAj^j 

• '^is‘ Ij J^l^jl ^Jp^Ja, ;^lft>^Lc jJ j^j (^LL^ 

t JJmS t <S j\ M l A£ ^ » l> » (Sg jSXtS. jSt ^ Ip A^..Aia 

, Jw Ju (t>Cf 6> $ a <r««Ma / ji^ 

1®{» vr*<il_^ L a5 < J La^Jaft Ij }if «^yt:>vt iS^ ^ 

*• " ««« t ^3 5 3 a3 (aSl^^ t *-c O^a)** 

4 a^i f « «a^ La Z>| ^ flj 


5|a„^> = AJa,,6,> 


(r^i -r) 


^^1^ jl crV" J *J.il** v5ju /i J 4J*>l»i ;_5^j ^ 4 


(5y? - i?5)|fl,, *(> = (b,ai - ajAi)|fl,, Z>,> = 0 

Ja^lf ^^i.0 (fl, >• li'x *^4 V^ O^?" 

4^# IL ^^3 al^ JUiJt ^ Jm ^ 3^ 3^^ * 1*--^^*^** 


^^3^^3;f3 Jum C^ ^ ^£i4X33 3^^ ^ ^ 

• ^3f 3tf^ /*3j ^3S5 c/j ^ 3^t < ^ 3 ^^3^4^3 (3**? ^ < 

jJ iX w L OjLpfif 3 ^^ ,0 3 ^ t 33 ^*^^ ^ 3 >f 3 * * ^ ; 3 P 3 * • <^lfm 0 t 


^|a,> = a,|<7,>. «|4,> = (.,!»,> 


[/?, i] = (AB - BA) = 0 


K^J* 3 


f jjSL>4l( 1;^ ^Ja^lj jl d«iljGawl ^ aJ jIm Vy«. » i-jj^ *S}J 4 


5yl|a,> = i?5la,> 







(Jjl iJjLu jl 6 j U" <m» I L ( 6^A^\j |_^l 

i{5|fl,>} = B{A\a,')} = OilBlai}} 

^ ^ ^ I 1^ O^ ^ ^"'**** ^ ^ Lib AmMAj/ ljk<0 • ^^2 6i tikil 

^ Lj ^ ^ AuMtaMafl^ ^ ^d ^ ■ ■..■.. i *.*^^ Lf 

^ki> = Mfl<> {f\-r) 

^Lrf L> c w»^ d»^^^3 ^■i^w*L<-> ^ 

j tj * fc| j ^ JJl* ^^3^ ^‘*MM i * Ij ^ ^ I ^ ^ * ^ ^5** ^ ^ ^ 'f* ) ^ Ol^ lb A^ 

3 ' ^U 

M= l*i> = 

>i('\W*^ L» j ^ L cj>A^5b^ 

aj^ l^iD OiMiiSiw L^ a-JL^^o 6 &i»^ ^ c^ ^ ^ *.MW L l^ Lft^jliA^ 

A cA-^tS^J^^X*>i3 ClJL>-(^l jA . 

■ AhA L 

CZ*m* fj ^ df^AiXA ^ ^ -^iU^C J Aj^ w ^ 

* JAnv C ^ AA / ii > I fl> 

IS • AhM AA A L^i^ ^ 3 P L^^l ^ 0^3A ^ ^ Otf ^ 

Jif La* A|^(^ AAi^ I^TjI^IaS^ « AmL cA^ ) B i X 04*-I 

i A J—/ A^3 Otf ^ ^ • A I A *i4,f; J^La*< ^ L5^^tf ^^3*^3 >i ^ t5^*irfi^*3rf3 f ^ 3 AA^I A 

« Am L AAm 0 Aj^i>^ T ^ c5^Aim»0 4m La^J ci^ L ^ il >iir L ^ Am £c> 4L*^^C> •fiAi ff 

j A I *j u^ a^L^^ L^ ^ Lb^^^SJLtaf j I ^ j4» > v>_^ aS aaaS^^* ^ ^ L/ ^ l5 ^ La# 

(5^^JaJ ^LjaA ^^Lai^ A|^I^ jA 1a 

^jiy^ j^I^— ^ 

4 A^S AaIa Lo ^ L^JJb Omm A|^ A A jIa^^ ^A 






isij-j ji * Jli* •‘^* I,? cxs* 

jk:^ 4^^ . c«,l,.j^ z *iJ^ yi^L; ^ 5 !^ k ^ Oi/Joffd; ua*< 4 -. ^Lxi jj 

"Xlii. ^ Ail< iS-^. N {S^ cSj*"^ 

Ul. jtwMj U*UJb^^;^l J^ J.Ua^ 1^ ^ jj-l, o-lio. 

I®>) J*' U ■ ijU< I^\gj L)«f* ^ '^3-1 *^l>*- *V*» 

^ (S3J Pj (Sj^ij- ‘ijlj Pj 4 jUwL*v=««lj A^l( 1 ^ j\ 

jj ^jTo.^ tS A? Lii j j |fl> 

• { t J^} •i-^U!«>|fl>U 3 |a>> 



jl CU4»I J*^ 4^^ j* 

^/|fl> = «a>|fl»|ay>= |a^>«ajfl» (fT-r) 

^fcJbA-; J CU«M I J f •) ^ dOlsUAdwl 


I fl> = (!«>><«> 1)1 fl> 


^>= I «>><«; I 


oljjJo ^IS |fl) |J>? 

(fT-r) 


* ^ i; <i^ \m( jk L* »« ^ >- >l«> I ^ ymUttyt CS^ ^ ^ d^ iiSij J <i ti^*i>' j I laS^ V^ 

j«,> Jo^/I.CU^I J‘ Sj*?* j I« U 





Wi> = 





jtfj pj , ^yi, ^1^ 


Pj = |ay><a,| 





'aj‘)a*(0 


a(i)a*(Ar) 


a(Af)„*(i)... a(«f>a*(A') 


(ff-r) 


• **-^ 15 * I®;) *Ssj Pj i^s (Si-^ 

•'='—-l>-» *~?v^ |ay>X *ifl< u>?- 

•^Ui^ >tfj ^ Pj ' *t!^ ‘ 

^»l®,>='5»>|®,> U,fc = l . N) 

j j < i ‘' MM ft i ((oty^) *-^ ^ 

OtilJSLi j .x v ii mfli iSj^** Ij-jT ^ U-ii A|/l^ 5 j j • (f * i,“<^* ) >V 


P.= 


(10 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 


Ps- 


p. = 


(0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 . 


^0 0 0 0 
0 10 0 
0 0 0 0 
0 0 0 0 


fcf j ^ ^ viMiK I (Ji* IS j «i ^ ^ 


|fl> == L«®jl<^»l«y> 

y=i 

= Z I «>><«,• t |o> = Z 
y=1 /= 1 


{f6-r) 







Yo 


< ^\j^ ja) 4l>^J jljj- cw' oy^ • 

o-i A*l^ ^ U) 

IJ®j><“;l =1 (f^-r) 

jj j o^lJ*U «N 4^ ^jS 1*^1^ yiji 

. ( ff’—X) 


^yiiljJ (^IS« J>*«l— Y 

l5l*^ «-Sij jJ libjljj^ j Lbj ^Uj 

. jlj jj^j ' iiii ^ (-S)^ j j^jUj j'^ Ij i-^^ISm 

OJ tSl<f aJ tli: ( iSj^^ » J li« J^ jh^AtXA LLi^&f ^^yOya J-fll 

'"* jSJ*»6 (JaJll>^ia ^Lm lS^ J'^ ‘ J^j 

jj I—Aj jU-< oW ^^1^ 

f^'^iS^ *' " * » * “ *' U Jtij (51ft(j ^' ^<Ij P J ^ 

^-^^s=^^ = (fY — t) 

( J Lia Aii^ . ^ ij i ft ^ ~ < ,m i * IJirf 'f I « * «* U J ^ b Lfc j ffiC U I j I (^ ^ 

i \ Vft ^Aii< Kj \y^ ^ <* * ? * iSyy^^^ a ■ H i 


f^(pl±pl±^ 

2m 


(P.^ = P.P.) 


3 

t.^pp,-ip„ L, = ip,-iip„ L, = itp,-pp, 


* ^ OL^IdNXt'T ^L^n^y A^li^ jL/ldJyi||^ d^«w d 4aw ^ -J 4( 



V) 


(S* ^ f 


iSj“ ^^Lj(^^SLLj i^b 


<x> 1 

n ic 0 m 


jl ^.i^AJd^ <>" ■■■ j lj ^5la^ ^LtC iJa^lj-^ Y ^J^ya ^J^I 

j}o Lm j I d >1 l i «i«ii I b < Lb ^ jjb T 1 ^ d__w^^^ 


M,fi)-.t?LS (W-T) 

m 

♦ C^4«wJkdL^ 

L( aS ^ yt ii i * jIma^ j}a[xi &S J j J 

CAfb 1^1 aS ^tj j bi i S a^jp • JkjljBjLv (>.^^ISujJ d Aa^ClMv Jd.^ 

J LI . :i:S^ jjlj Ij <5>iUw 

^J^>^ Atf'i Ij j ^^ytbya J Jue _^L»4 l^1> 

• yf j«i Ij i L l ~ i > v> ^y^yiS^^ di^jJaJ l|fj 

^5j l - , . ;t (5-ftW-b<j ‘ ( YY—Y ) t5«il«^ tS^js j' 

JJ*!" ^ if ft I C ^M) <idL{ jifj O jy^a.f IjAJ ISC j ISd Ift j S iL C 


[^i > ^j] — ^u 

^yl = [^i. W =^ (^1=^, Jf2=:K, Jr3 = r) (f^-Y) 

JO L^dLf 1^ C 


^ ^ ^^j^ "^ * ^jta^ ^J in i M >j<L^ ^ jj^ liMk* j *T ^ 

J—j I j' ( 5 j^Ajlbijl ^ d ^ ^^-JpLo* 

. bXft 

. Ad^L ^ w ^ ^ U L p (Sf-^ ui®^ • l) 0^5^^ 

* » ' f £i I^TaS c (^Iftjtjju A^ifJ L 5 ji^AjlbUl 





vr 


kXw ^ J JjlJ 4 J^A >^h L*La Ai'mwiI t ^ It J ^ a^f I 

^3^^ lj*? ^ c^y^ * 'iJL*S^y« ^ jij > " Ij ^jk^AhX^Liyo ^LajI^x^ 

* *i< ^ [ih^ ^ .X>J Jj iil-*i^j^jlf> • JLd^ L t ^ iJ^ l^ C I i^Whft ^ i^^jjLI|IW4 

, ( ) 4,--i-») Ij Lftjl^ljU *3ii^ ^J|^I Ifc^ AA 

Ufr (j cJ>^ (f cJ(ft- _f 

I ^itiI i< I j I ^^■‘^itwii* ■! > 1 i1 j» ** ^ Laka 

Ojj ii n ^ j i fci f ^ A jti n^a Aa t^Lo *>S|( jl ^ 3 'XfctLj A^^Mf 

A^l^B*Nj<wdD j I OhJk* ^ ^ ” "~^ "~ A JUti LmwO ^ ^ 


^ir( 0 |)= K«,l#>l"<l «/ 5 |^>-l) 


(iS"-r) 


^ jmS, * ; K t ^ " ■■■ nf » t-S^ ciJL>- j^T L iS ij 4 ^ ‘ ^ 

«b—5 »i- «wL^I I (Jo—f) «J jIm . »iM»l *^L> jL-if-i^ < a;^!^ a»>* b 

> * .. h> >»(_5UjlAj^o^jo^ > r . f w. : cJlj»jt>i^ I.s-r^ 

(^1 lJ*Li O^L‘l>-l tS lAj^i^OAftlAa Lj j}o[Xi* c5 I* c 

jl- Sa.^ ^Uj (^Ij^ 4-5" j* 0«il>fl^ s Aii** (jjli-l J 

€ Oi j*l*2 ^SjJ ^S■^ c*^ ^ '^iJfS* 


l^M^l\<Ci\P>\^ 

I I 

= Z <^|a,><«,l» = <^l{l |0,><0||}|» 

0*ilj |i«Al>> • Xf (fl|)<®i| “ ^ J-IS ^ ^\*^j *S^' t>^ If 

i;a>,(aO-</S|^) = l 

1 

. •^yi>(^ (JL^f joJrf |^> cJ(> jhjf ' os^ji^ 

ft v^ ji ‘A*-hI >»** “ 

uUfS^ oLS* isjUk j* •»-»>- r-v“ 

< Jjtl^ «A.£^_^>wL* 1^) aJ^jA^ ^ " m ^w . vAmw^ aXi 



vr 


(Jy^f 




( 6 i--r) 


. f . n~ Of j I jJu Lf l^»« ~» W],{yMl JgJ j I ^ 




' * " ‘ tf ‘* is^y * A ji (_S^ jt Jf (i jljju 1^ 

L^ i JhM L A OLw J 


^,(adaJZ ^pi^d 


(<iT -r) 


:; , (JS^ L, CU«I y^yi . JL2i>l ^Jy^ . 


d 


i^Uj ^L c tr^ ' t5 ^1 ts'>< ‘ ^Iksjl J-;li jl.iju I tS 




-<. = I ^»(‘>i)“. = I I ‘><»«‘>i I Wa. = I </» I Oi I OiXo. I P> 


^i AI ^ 14 




=Z <^l-^|fli><ail?> = <^|/j(l |a,><o,l|l» 
jj jUiii;! J__.ls jljii < ^ 

out «1A 


^/ = <AI-?I/I> 




^J J^J Cm I 

(6r-r) 


^^11 ^ J^MI * Imi l«W 4il|JiWjA-^ j t**i*iilL^ ^ *1 ft l^M^i 1 J I ^ ^ ^ 

* * ** < » * ^ ^ I ^ l^«J T i ti iw j J ^ lifc fr I C^ ^ Cl J L^ ^ Ia j I J ^ 

» 

fVjlAt « ^L k“ i ' »t |_)^tji _^l«ii* j ^ IJJ1 ^ 

( CawI «>Xw I jp ^ 1 * 4 l^ A I'Vjl iS^ u»^jA l|f 





Vf 


= [</?|^"|/?> -2</J>//?|.i(/?> + <y4V]l/2 

= KA^% - <^ V]'/^ 


Cr'J* 3 (>« 4-iwj c ^j . »ki |» Ju: . 

• A 

^ <“■ *-i iS l®<) <^l>" 

t—li^l JLl*.! . Jjlj jlji ^ jlke viJU jO a5 

^ L( j-1^ Z j|< j^*AaLt4 ^5l^ Of jlAi«A^ a;I cS^ 


l<«j^>|^=|<ajfl,>|2 = l 

jl OmtI I ‘ ^5i^.. “ Jl>- jl J*i A jUiSjl ^J^li jIjiXa 

<Ay, = <a,|^|a,> = d 

Lf ^ L ^ Ij^ ^ L i 5 je^ 4 j I ^ I ^■ " ^ L '- *^* f * ^^^t' ■ ' 

<A^}t-<Ay = a,^-d^=Q 

I dCfcA^ 4 •ij ^ ^ J io C 1 *h 4 c S if LZiJL>> 6^1^^ J 

« dM* J ^ ^ fi* ^ o I j i j Li* 

L d ^ ^ JLJfcLi*^0 ^ l*^*Jb ^^^Lft^ iXc 

^ A|^<<x< JI t »N > lit ^ ^ Jh^ L> S ^ ^ ^ ^ aJa^ Ij C 


mm 




a > * i^ i 4 ^ Li*Li#l aSLI^ f '-Sit m 

* ^Sa^ t*MW ^ ^ O ^ 

4 p— tf Atf A^\aiy=at"\ad '^jy^^ O^y'ij^ -4^|a/> =ai*|fli> aIx^I^ mm 

f'(A)\aty = F(fli)|fl(> * c5>f^ jt^ iSj ^ ^ A jlili-il L 





Y(3 


B ^ y4 Oif I jl j.'jS'jA jJ . Jjl^ 

■ ( ^ ‘ .>-» |. Jl£ 1^ , , J*ts oJj L 

viJU. 2^^ f ^ ^ 

^jU>AJ^A^ ^1^ B j /4 o^j-^ ts't5^>» viJL.- QrfA ‘ A>«e^ j-^ • (f V" **v^) 

. tJ^W J>— J-T<j *T!^ « Jj— • 

J?^j^Lbc^,jJjdi|.Xc J-9l)Y A*-a» 

JU4 jUb^M 4 ^ ^ I ^ Ofc f d<>^^ i JUwbT ^*i«0 

A/4^ A5p ^ KC>^ (6^-r) 

j^J^yil ^^LmaL/ jl ajliCutrf l,f_ l^lfjl 

<y|y><<5|<5>> I<yl<5>|^ t 1<5>'3 ly> ^ cs'x (i>Y-r) 

(^Ia L^ ’^jya j«i <-ijljIi4 ^ J C/^ ^ ^ ^ 

jpj ^ym \^y L<i^ Lj f ^ji|«i >• < \ ■; ft III ^ La# cS|| j J I ^ ^’"“Y ^ l?w *» '■^) ^ *V#^ UT^*^ CS J ^ 

*—jy®*-* 

^ (a • b)^ - cos^ 6 

o L ( * l i^Ijif'Cos^ d ^ 1 *** ^ x^*** j j i i, > i> ' L^ j j l.i ? «* K i* L I • k^ "^(j* j*^ 

4*^ Ois' 

|y> = a-<^><,)|j?> 

|.5> = (^-<B>^)Ii?> 


4- Schwarz 







<v|y> = 0](.i - </<>,)(^ - </i>,)l» = <^ia - </<>,)=l» = (A/(,)" 

<i|a> = <^|(fi - <fl>,)(B - <B>,)|p> = 0\(S - <B>,y\py = (&B,f 


|Sf^ * S?* * * ‘ Lmi« Ij j I a Jt t>*>in I L< 

= <vly><<5|c5> 

^ Ky|<5>l"= l<^ia-<^>/.)(5-W/r)l^>l" (<iA-r) 

6 = (^ - </l>p)(^ - <5>p) _,SLx 


C= D + iiC 


,Tjj tS < 


q - </<>^)(^ - <B'>f) + (B- <g>p)a >- </o^) 

2 


. _ q - <>i>g)q - <^>/.) - q - <^><.)q - <^>g) ^ [^i 

/ i 

(6A—r)' <^>/i 5 <^>/i o>^- C 91 > 


= + KC>^^ ^ i<c V 






/Lc 4i„l jS- l:«,I J$i>^ C5^J* jSlL^^J « 

■ ^ *w Lf 


{A6y^(6^A^) = i6A)¥^iA6) 



VY 




ABp ^ i<C>^ 




• •^\5* 


■—**“ ‘ IjcJU* iSg jj AA AB jljiu <S^j^\a J^l 

_^^U4.U j-lU: /I . <C> UxU >j l>j' 15^1* 

J ^ ^5Uc^f«kj v^^J-t>U* ^5^1^ JLs-f (C = 0) JkJJtL 

• jISjL '^*»*< L{ A ^,. I. V . I jJLa 

[^M pj] = ih 5,. 1 


[^/.:^y] = [^,.^J = 0 

O ^Pj ^ J ^ ^Pj ^ 0 *5 

l5 ^ O*^ J J L5^ ^ 5 l?j Lv U ^L* tS Px ^ {S < (J 

A ^ aJ 1 1 ^ * ^ ^ ^ ^ ^ l^wT^Li^<> r^ *jiJ rfc f ^ 

• ^ 1. * ilwtf* ^ ' U u”^ C^y* {j^* U '^yc J jli t ^ifi.;! U|^ j 

^ i OkM ^ 1 J I^J kZ^Mf^A Juw *^ ■■ » I py A 

^5*^^ ^->^"' M (j*>* • «xifcl_^ * " ’ (j^^U "» »l j^A^ 

J_^ A >Aifc tnw* tS ^ iSj ^ J ^ jj J ’^j’> l^> 

A tj ^ 

J Lha j tSL^ T J jL-i ^ ^ ^ ^ i I* I « j ^^7; I ^ ^ I ^ 3 ^ ^ '' ***A I Oaj %ib-A l^>w Ij Of 

Oa^ i •XJir ^ ^ ^ i t J I AjLa ( ^^^*^^3^ ^ ^ * ^>*^f**/ ^ i (13*^^ 

A 1^1^ ^ 3^ JIaIS-aIa^ * " ** * *^ 

<3 ' ^ y | i “ iii if iir J AIJI claamI o^ Lj /t 1^ kSj^^ jl^ij I »JS^ .>1^ t i J L*# 

^ ^ ^ WAA O^ ” ^**><**11 40^ A ^^ ^ L ^»> ^S oJ U^ 

A^d aAaL h ^ ^^ * ciJl^ ^^3 ^3J J 3 *‘ ' ^ * *^{j^ 

^L■ , y ^ 1 ijP^3 ^ Cw^ ^ cu-rl 

^ I* *»< C^ ^ lr«>^^wU)^^ A o^yZf r |k^«MM|MV VZ *J 





YA 


^ p - ;«. ^ ..,A/ - l<,j^ . ^^1 cJU aS l^j 

t5^4jl^l^l jj cu-l jl eJU aS^U-jJ . A;.-i^fl>^jT e-.jj 

A_:l4a-L; tS ^IjTa^ 4a.Tc:^j4^ c:,L^I. oiiL ^*4- 

• *cu»l JLfc^ I J-li 


1 ^l^ ** — A 

• '^^S* CWit*^ 0 t- T .- V ji^ 4 A;>JjA jJ ClJU. 

‘ J uV*" o^j U p ’ «*«t , »*“ {^njtl* (jl*4-A>vi* t JaJbL>»» J J Cx^ 

‘ 1^.0 jl'^x*J‘^I** ts’x 

*^>*^-9 ^Uji* ^b j ^^dA*Lu ^^lijIjJu ^sJo\xi 

g 4 ^ duLw t ^ 

<^, /1 >31 ^, <> = <^(0>/j+*+ /4c,,„(f) (f o — f) 

^ I J^9 f ^ J^ ^ ^ aJ*1^La* aS ^^ j^ t ^«ilju 

a ,0t f '^claaaCO AJ*iAlju^^ gnmi 

^I^C;^j^aJ^Ia«4 ^ Y^—Y J *cS aJ«i^Lm Lj * CU«(l ^yrntym 

^3 jttj U <Sji jih:^\ J-^li jl^xi* 


j^<A(t)'>, = i(^,i\A\p, 0 








ih 


\P, t> + <P,t\^\Pr 0 


(^i-r) 


• ^ J* XJ «Xa^ 1^4 jl t,i ■■ il ^( ^ *11 f fJX ^ 9H 

R.P. Feynman,R.B. Leighton and M.Sands,"The Feynman Lectures 
on physics",Vol.3, Chapters 1 and 2. Addison-Wesley,Reading, 
Massachusetts,1964. 





VI 


^J j^, 4J^‘ (J-**- ^ ;5 ^' ^ { i 

» 

^j; ^~ * « i j L< Iaj! ^ Ift 6 ^ L». c^LtL >« ^ Lfcc j 

• j<j £>^>* *3^' ‘ (^ 1—t) Otf* ^ “ • ts'x • J'^ 

^^fiigJjj«“<3«S*^&‘4J ji*'* 0 111,^1 w i-S^ 0>JL>- j^’^j-j ^ 

j I vr i4iw ^ j ^ d« !r ^ 


^l/?,0 = //j 0 


(fv-r) 

^ 1 oam I LfciC i ^ ^ 


= -ih-<p,t\ J^^) 

at 




i4 ^ ^ ^-“T ) lj*ilj jSlilfJjjjt aJ jIa* lS^J^ 

^Jt^[S* 5 4Ui^ 


^ </), 11 i| /), I> = <ft (M' i { Jj I /I, t>) + (^ </». 11 j-^I /». 0 + <^, 11 ^ i 0 

tjl^JSLi U. ^iJ^^s• U^j*^ ^ 15^^ j' t5>^^ «-L4^ 


d 

It 


<p,t\;4\^,0 


<^,(i/fjij?i^,t>j 

+ |-i <p,t|jfj^|^,i> +<^,' 1 ^ 1 ^. 0 


L 




(fr-T) 


(|i. ^X^J*|^y^) jiy^ ^Lf 



j** A ® 

* 1 ^ ^kA ^ ^ Ijb^ I ^ L> I ^ «X./ La-/ L? to d«J L^ ^ O ^ * j •* L Am* iC ^ O 

ij*^ ^ ■■ ’ ■ ^ j if! « »' < I ^ r^T*) U ijf^ _jlt >' l^l^J^lj jj<*i li* sS >i V ■ v^ j ifi. ** " t5j,^ ( -4 

|Ub f jk^M jfiyoS j»i . >—I j y ^ * »« (SjfJj^lAj^ytOZA^ ClS 

A Kj Js^A*^ ^J { ^ r—T* ) \ oS/I La_j I •^J’i *>tfj J ^ tS ^ "^X 

• X>^ ^ ^ • ( “V^ V 

^L^j aj j> . X a^ /4 k^ _^l a 5j» i. i ‘ < ^ (^T—r) *?v‘ ^* 

^y 1^ (Xj"^ (j^ jl jju ( dAjdt = 0 * (^ ‘ «» i. ’) u^Mu 

[A,J^] = 0 ^!e*“U ‘ixx^^ U '^X 

<^jyoA-t ^X^ •^‘'y^ts- (^T-r) Ai'^jx^ 

I?, t> = [exp|- '- jf(( - i„)j] 1^, t„> (- T) 

!>- M.t.>^A,.Jj I cJ U-^u; U l^»^o> . •i-iL jl Jii— aS «ix^ *:i^x 

j O^j*^ '■^-^ ‘-^-A j’ ' v’>^- Cw' kirf^ ts'x • '^’ t = to 

d^lj |k^l^ 

^ l/f, <> = [-^•^exp^-^j^(/-ro)jj|^, to> 

^ Jy aJjLa* « ( ft—r ) j* L 


i|^, /> = -^J?lft<> 


. <j:»-.1 a^ A:x«irl^ d-Sj^ aJjI^ o^ 

•^x xj U (ff-r ) 


|^,r> = 0(r.io)|^, io> 


jl ki*-,l ojL^ (Jy^ 


0 (<, („) = exp|- i J?{r - (o)| 


(>‘i-r) 



A ) (5®>^ ^ 

(? jSLLj iXi L <. ' «<»' I tS ^5 j 

^ Owtf ‘ * ^ ^ fci r L> C iS fcilfci ^ li^ ' 


(J(<. ' 0 ) = J + ^ f ' Ar,)0(z„ l„) *, 


(^f-T) 


{3*^—® f f—r} j^6—T) ‘ U o^jj^ i3* “ *“* ^ <jP^3 ^ W ‘ *' **»< > o 

_4«^Lwi« I ^ if jj* ** * 4'iL«> Jli* 1.5^ Lf 

^^UuaS J-i I jSi «-6 3 5 Ij 

i \ * 11 * i-f d>^2 ^iJ • >^2 OLmw l^ 0 *j I f P ^ A i^ wk Aj 

cgV-l ^ S *pl< *jt3 j'^ UjSLj «S ijrif*" • I 2 5 h j' 


■C!) 


-(-11) 


^T^L_AjI.^ *J-j <sj°^ S ) ^ *3^3 

3 ^ ^ I 


J,> = 


Jj =0 


|J2> = 


J2 = I 


<Xii|(T CUm.^ 4^ Jfij Ii« ,, i i~ iii« 2 


''■>=T2(!) 


/, =0 


'^^>=i(-l) 


‘ A-1 





AT 


‘ ( T—T(J^) ^ j ^ l* ^jn} *5^ 1 * 

• . V i " / ^ 5 *-s * ‘‘ ** “■ '^J 4Scii|f*5lj 

^ L^^«A ^ f ^ y I !■» J iJkJ IJ 1^ Lw L< J^ ml* C 



IJ5> 0 oJL>- i-S|/ *S 

!'’•'>= (^ 3 ) 

jItUuj^ I jJi^,'»<» l^-iJ j j |ir»»tji«>t 4jjkL^ 1^l^Jl > ~> -1 . JutLj Axt 4 j 1 j 


^,M =i<'ii/5,01’ =■ I'ci, yj' “ “ * 

s',ta) = Ks^lA.01’ = i)| * = * 

w)= i</.i^.oi’ = rcj_ j_v i 'ii’=i(i+V3)’ 

Lyrvyiiysij 

= i(4 + 273) ^ i + 1^3 = 0.933 



ti la 


Af 


K/jIA (>I" = 


(-2. JLU i 'il" = J(-i+v'3) 
I y2V"H,/3/. 


i 

liVi 


i(4 - V3) = i - lv/3 = 0,067. 


j ^ j ClJ I j 1 a^ Lwwt JI j Is li* 

a,|S|^,,> = «.iV3)(« ?)(^^3)=J 

3 

a,\l{P. r> = (i, iy3)(_ j “|)(A) -0.067 

, tX^y^ ji^f < i " ? J § IjM A i X' iift ^ ii* j th“i < I IS •i Ijm I 

j 1 »" ^ Xy^^ja ^y^Ha » T « 1 1** tS 

« ii V * A < r i n r*Aju/ ^ ^ jS* ^ jijij **' 2 ^ ^ ^ A'am j Ll^”. ‘ i 

^ ‘ >iiiiif<i»l « e y jffi'^ ' t* K»^ it > - 2 J ^ 

• J.j^ y 


LU ^ 

A.1-^ I /q^ = I oJl^ ^ " ■■‘ if” / = /o = 0 J'^ 

jl A J Ll ' mof 1 Lf t5*^^ »ViiLf 

|/?,r> = 0 {r, 0 ) 1 / 3 , o> (fY-r) 

tla^lj A l ^ iiiijA^ Q jX tS >-<<» J<L^ 

U(t, 0) = e~‘*‘'^ 

j3>li«« U>oJ l»- *^y 3"^ ^ ‘*“ **i < ‘* iS'3''^^ 

^'3yi t I Pi 0^ = 

O la J j<X I j daJ ^ ^Y“Y ) l<« "^yi ^ 



(S‘^ (jf ciLjfi!* ^ f 


At 


\{i, 

f ■^—itfU • >i-iU jl>^ L{ j^ Icj) LI . i S (j» 1.1^ 

OhM OJb CIaJ^ ^ t «AJLo ^ ^ 

1^,0 = <•■'"■'10 (m, = £,/A) 

j * ~ * ^ ~ '* ' iSjJ 3 * “ <««>I U JaJLl»^< ^ ~ .«, j »>S^ 

tS Cw"^ • •ij I «XJ AfJ j I cJ L^ 


<A<I^,/> = <£;I£(> 

= <«i|ei> = 1 

{^n}tt* j!^ IA 0 oJl^ . ^ X^X jri-* Oti^J-i^ 

A^liA^ A? < e" ' J*** "IJl^IjC—I j£,.> It 

I j ^ jLf I Is < >ViwL ^ iSj,^I) ^ oJ^ j J j Lc T j J ^^»**nii;^«i» I • 4 <AA li 

t I \ ■ fl> ^ I** L^ J li a* !! /1 ^1 ^^La ^ Ls ^ ^sL 

LU b jtoyt tsl*jl«i- jl jj tjijj,XgA fy^3^ 4 A*li 

O^ l5jj (i JLa t5^J^ iJi*Le aSs^I jS* '^L^ 

Li««Mil ^ 'S ^ l|-i U 4J|<jj uSj s J j AI a i ~ i tf A ft . 'XjS jSl 

I 4«)t|fi»b ^Ib* j j«i ^5^ ^"A^ W '^y* J A ii ^ ^yt Ij ^ Ls 

• AJhlkM^A LL A^ldy^k^Mj ** 1A^LJkif I ^a < * /iT* L' A J 1^4^^ 

< A! Aw J ^y^yi * Lttj «}Ll^ i I ajl« « N a# ajLv I o iiy^ ^ J ^ Lttj 

• Aw L ‘ J ' i ' L >iL^I ilw^ >jljk*S « X A<S^yt ^t "* *'**Sf^ |*tf *^^5* aSIjI JiifJ<i^ At* 

[^,PA = ifil (^A-T) 

Jj 4 t5 A_ a ^ JjAm (^LwiAl ^ aS lA^b ^^jLi4^ . J ■^'' 

aS Ai'^ijiTw IaJ . dwwl^>jT i -*)|^ ~ jH jl J t* «iiiA (^^£1*^ 





jia^f 


Lf Avuir I JL|/ L^ ^ 3 

Tr AS -TtSA^ Tt(AS - Sa) = Tr[i, 5] = 0 

jt 1 jSlUkfi jj LI 

Tr r = JV / 0 

v ~ < i < 1^- «|i { uSj^ j ^ ■ t*> j * tS \ \jn ij ^y*" iS jLiL t ^i/ A I ^ f 'J j L 

• JlaI^ 

( L *i » ^UbjIOhA* ^y^ty ^ I A<i * ^ L 0^ L A «Jjfc I - ^ f l|^ 1^ 

A l«^ O^ ^ L r aS «Xw Lf LaJ Ll^ I ^ I JuO J I ^'*'*|f f I ^ ^^ i4L* Ai^^A>^ A 

^ ^^^A jla iIII* ^ ^1 ^ aOuwa %aI^ v ji *^ LI * 0k«wLf 

(jA La^rf {J 1^ kiSL^l^ I l*> IIF J “ > iS (^Lil tfl^A * * l) O A^ * ^ ~ lll»l < | I^ 

J I J A O^ >V^ 


e, = nhv 


I^L^ . JL«S jlifU^I JLfI^^^ Ij Lf jiin jl A^ C fMifI ^y > »,(l ^ < 0 ai Jk^ /7 Ja^ aS 


a »\ >a ^ < 1 I*» IJ Cl4|^ l^.a. r a,*if {J L^ Lm^ Ia 


U-K 


L: 


■^3 ^S‘^ 1^ ^jjJ (^l^ . a^Ui J » JifJ*i ‘-Si< Jj-iA 

AjaiLu I, aS Ij 0's:. l^U . aijiai 


f|r,> =r,|r,> (^‘'-t') 

A><JOifljlo^ J*^ ' (;*!» ytt aJaAf J•> 

A.^ al^^^ Ai>a^>*F ^aXtf Jdtfl jl a O—F I ^AfO jJ^'-' ’-* A ‘* '^ * f aXa* L 

1 “ I » '■ ^LIf OaA^AM*>>ai’M«< qS ^ J ■ a X a Tw il A L ^LIS l^aSJ li^ llW ' J (jIAfJISIf IaAfO^MmA 
OM.I^j;|fJ>."iVAilj<jS^C*FFFlj^.^OK»l L»-^ jai Ajai ol^ Aii^l Lft*J*^ 

(jl-aoi A^ ^J^\tCJ j' ^ U j*^ *^ (^La* K 

a CfUff I ^lala (JJ I ai^ 


5- Hilbert 



(^3^ ^ (J . t \y jya f 


K9 


t5^j—< • f t-vls 4^ c-*»l iSLL 

^**“->'15* 5 Ij (jpj-Lt ( Y*) J*^ *- "V^ O*^ ^*^0^ 

^^> = *’l*‘> (Yo-r) 

O J JJkl^i,J jjT 

i>|p> = p|p> (Yi-r) 

f 42^1 » U1 « e-S^ V = p/w Ouc^ L{ "Uei-A *j j * P eJU> 4^j 

ci-A c50^** AS'^(to.j£l4X (S'^ J3JbP»4 ^^Loi cSL . ciMr.lj>^f4 

» ^ <\l* 

iS * < '■ ~ - «tf i |f ^ \S J "A 4*‘ i m m^ IttJI "Xii Lj j Ij Jk,^ 1^ 4>J^^« I j 1 

*j it j ‘-Srf j'i . *xiS jy^ ‘ N —* CO • o<|f^■- w » " <«'■>*^ N (j^l^ k_k^* 4 ' 

• ' l.' \y* J'^ 0«|ft^.l tf . { ^ * 1. * . ' U libjSUUx 

ijrvj—^ 

■ t3~^ ^ {jp\^^j ArfU i>tflxLl< . ii\j\ (^.^Le 

ki* jyoi.( i I 4 A A r xiK j,,^ j I •^yt 5*^0 '^yj L > fcjj> omv Ij 

<^ k/> = Sij <r' I r> = (5(r - O . (YY - r) 

3 -i—iUv5* l^bJj jl ; j 4 tf i i“ M*« ^i ,J * 4“ ( YY—Y) ^fc . JJi JJbl^ iZ^y 


^(r — r') = 00 ‘ r = r' fS^yt ('~^^) 

5(r —r')=0 ' r ^ r' cs'x ( v) 

J ^(r ~ t') dr' = I = ( G ) 

t JCU i4*4 t ItiJ ^ « \i i * l^^j«J »4jl, I^J» ^^J(■ ^ l«l ^^ ^^lJ^«A t t “n ii^ if ^ V l|fJ*»4 f ^ I ■ “1 4 K 

As* kAs {J^j^ J * ‘■ ^ *** W ^ 0*^J^ kJ-<lj 



AV 




I f(r') d{r - t) dr’= fir) ( j ) 

{^J:iS ^J 

f jyt IfI jj Ij bJ j ^b «5 jl^JLeAf . cjjS* aaI^ j\^ a jli:;<«l IajU ^ 

• ( 1 ) A I* iiiort ,; 


nc 

O^LLi—) ) 

Lf ? *iil|f *>f5 J*^ j'*^X I^iwf 

l^>0 = Z<r,-l^, f>(rj>-» JiA-Krl^, 0)|r> (Vr-r) 

tsW-*^ O^j*^ A^c—l ( <S^ j•l»v;l 

' tS’W ‘ (YT— "^9^9* ^ jljJL 09^" • 

'i'fiir, 0 = <r|/?, r> 

' f ^^9* uU»^f If * *” U • j J 

|<r|^,or^*= (Yf-r) 

^ l|^ < ^ * cl^*^ laAJl dr ^ cS 1^ O^ ^ ^ 

j j ^ r dJax; j j dj j (J ( ^ “f> { jl iiMiff = I ^ c ^ iv . 

dS • 0u« AOu£ >^imJ I A 1^ **'3^ Hr dS € t ^L»j 

A ^ ^ 45^^* ^ |f> ^ *\ iH|f Hf (j> 0 

t ^Jt3 iS^js 

Z l^•|><*•(l =1-/*|r><rj =T (YA-r) 


A 1*HM#^ k d kil K III ^ P 1* B ^ZkMty^ A|^ ^ J ^ JH * (S 0**S J*^ 5IC 

, kV5 AJfc^IjNi 





ClAWfl LiS^ yL>wJb 

• iiiMi» I 1.5^ CS ^ J ^ ( *^ l4-<C!i>»* ) ? jSJ*X Aluw^^ fti; 1^ ^ J ^ 

AJcS^ Ail|jii»j<^ Ii5. r> J cJL#. <-S^ r 1 ^ 1 ^ *"-^ A|;l^ 

I La^^ jl 

?<”" = <aj?, t> 

Ail^MW**^ oJL^ i.^S^ ^IAwMOuJ^* f JI * 




oJU 


0 = <r|^, /> 


<\ ifM ^Ji|fi^ ^ *“^ AjJUaw# ( ^> vA>it 

^ A,I. I S I ^ I ^ ^ ^^3 «tju ^Ai^ ^ ^ <iV,|Sb f c2lJ Ik^ » CUmI 

a kJhiW ^ ^1^ OL^A JUb LlwJ 


l^> = /'t',(r)l'->* 


<^l =/V(r)<r|* 


(^1 YF-r) 

*■1- j y** ^ i • 


(vYf-r) 


i V aW Ajkl^^ ^IdriAlA^a J*A AiiiAA 


<a|^> = (J <r'l '('/(r'l <*'j{j ^(Olr) * 
= JJrfr*'4'.*(0'*’,(r)<r'|r> 


i 5 -IU> si <r'| r> = 5(r - r' f *i(l< «jaj J* !< 


• tSt9j^ * i. * >«i« ft 6 



' »^<L» jtjS 




f bJ»i 

<(I I» = J V.wy/r) A (YY - T) 

j\ IjSi;IL i;uJL»> 4i^U 

• L>w» j>i l^^T 

i A *^s t A *-^ j' |a,> ‘-^4^ 4-, - ^^lj 


(/»Jr) = <rlfl,.> (YA-r) 

l5^*^ ‘ Ij A 4je3 *-^ ^b djKj 

4 » -i mvx * >* ^gi^.I«Ll t»4^ fl” III ^ I j Cl*u>l 

• f>ft^ 

Cauwl j34*iLui j ^ JLj (^Li_jifb 

15 J—*< n -' If< j 5 jljju «JjLm tSg jJ l 5 -l^ j*i ^jiij 

X0 (_| I ^**it * ’ 1^ aJiJIiu >-S|f j\^ < >A I j> ij <h I iS c l^.W^b 4^j< 

J '^y^ijr^ 6A|^b j—^ ^ 5 ?*>• ^ j'^ iS*3^^J^ . <XXiS^^ 

\j ^ a ^_C 4 ^Jj*I • Oiw 6^ti3 ‘ tf Sx m^ _^b^^^ * ii>* ^ * 

— J—oL»“» ^L:; . o^j^ 

^^4 • l i '^ ip I 4j|fX j Lft ^ ^t l^ .>^jj ^11^144 < b**^^ » jjJL^^ii 't S 

• ^j—S 4)jSli V^^jlS»> iS^J (^J^4i4 t " < t j^j> t lA ' « «l4^j« 4 lijy^ ! kJ ^ amu «i (ijm^Ia^ 

Oi ttf ***' ‘ * " »» » i t* (^li^JLl^ ^li^diXtbl^* ^ tS j<i 

t >1^4 ^4^ * ( j iU tf bAajj ^^ i H 'lA rf * iJmSJI J'^ i 

• ^J-H J^*-( *^>(Ci 


\s^y» «^lS»*y jliiS*.^ Y 

f j P <_y b>_j|<«i^4 aoI A a tS ii^^jlI* tj<s * 

A(P, f) j^jSL^^b \S^ i5l^-*;bd3i<j j lAjljju4j^ji > u . ~ >- ft» 

ti^Uwl KZ^j\,fX iS) ^ '■ * '** 4^^ 4J«illl4 • I 



(^3^ ^ is r 


*? o 


A\ai') = 


&J i.^ (34 i &J ij (jh4 


c« 




(Yi - r) 


<r 1 yi I fli) = fl..<r hi) = fliiA-X**) {A o - r) 

> - ^iii ,f ? Ci^iJ js ' * ' c^lj «-i_^ aS I L^ , »ijjT o««»«J4^ Ij 

U®J^ ^*"1 -^l^i) CWsf*“ ts'x « '^ty* O^ V^ 

A^ I 4 ^ aS 


-Kp, f) = d(p) + «(f) (At-r) 

aJ*^ [ 4 j i4 * J ^ 

« ClrUH ^ jjP oJ tS ^*,3 ^ ^ ^ ^ Ai^ j? • ^ >—M>» ^ ^ ^A-l^JJ* (.^ij ^ 

*?' ij"' ‘ (Ao—r) {A)—V) O'^-H U* {s*y^ 

<r 16(^) I fl,> + <r I ^(t) I fl,> = a(}j/„^(r) (A Y - r) 

^ di4*wl ? ** ^ * citAi#^ a^Laa^ ALfci'j" l^io 

^ * J^(f) 

<r|/f(r) = Ar(r)<r| 

o«i jjbljjfc (XY—V)‘J'il** • '^U>: 

<r 16(0) I fl,> + K{r)\l/„^{w) = aiij/^X^) (A Y - Y*) 

vS^j—< • *-^ <S3J 0 uP^3 Cw^ 3 

■ j<i 

J>U-^ J^l Aiki*.3‘‘C*'3 J^l-^ .pSIuca^iS A«.Ij4 (aw ) aJ^U. Y J-aiA^ JK 

^^»,W = exp(-i:p,jc/A) 

. a-iL^j4 < I* * 



jCiS 




(Af-r) 


( <^jL£ 4 |r>=|x,;;, r> * ^ iSij 4 

'Xjjtx* jJ dx djj (Jd^l^1 

'-Srf j*^ (Af—V) V?- *S' |s#j 5 c*<b <^L^f 


i C‘*if * 

X + dx 

Pxdx\ 
ih 1 

|ac, y, z> 




^P, = /AT + ^,Jf jl L< « ytj- ci^ 

|i + iix T + I J:, >’, z> = |x + f/x + I Jc, y, z) 

jl LjJJa* . ii*«l (A6—f ) it ’lirfi*i i>t* ‘ i»^ • 

• t dx^ jl (^LftAlb;> i_» jL>- j 


IX, y, z> (x + rfx + ^^4^! I AC, y, z> 


ih 


ih /' 




• *j A i 0 (A 6 —V) Jy J-»l»- 

^ 'j {Af—f) 


Px I ■«. y, ^> = 


tft(|x + dx,y,z') - |x,y,z» 
dx 


I j«i « lit 


<x,^, r|/», = -•*«^ + ‘^^.J’.^|-<^..>’.r|) 

dx 







ix.y.z\f^\a,y = - -*«^ + <^Ar.>.z|a, >-<x,>,z|<,,» 

dx 


^ jiki ^<}^ jjfcl^ j. 


<r|0|a,> = -V^,^ 


<r|6(^)|fl,> = ^Ij 


(Af-r) 


( A® — r) * (Jfti jl c—I *^j4-® C(fi/i)V) o"^ 




= {<5^^v)+/:(r)j,^Jr) = a,^Jr) 


(AY-r) 


• j'i 


^-•t V, t-r, ^(f,f)-*^^j V, rj 


(AA-r) 


c*M^ . |s jS 1^ Ij je = (py2m)+P(t) 



ir 




h h 

tV-tV 2 

+V^(r)= -:^V'+ F(r) 

2w 2/w 


tj-ita* )j» ^ — j Ij 


^^.,=h>t’., 

{-^V^ + nr))(t„(r) = E,,/,„(r) 

^lialLaa ^luls^ jyioi^ .}lw < ~ >iMi ft <^0t j y4 [ ^ ^ 

(*e*tyt 5 !*(AY—T) j J|r><r|i/r=] 

<a|^l^> = J<a|r><r|^|/?>rfr = J'F,* (O^^y V, rj'F/r)** (x^-T) 

4'^(r) V.rj jlU o*»l>i-w5t L <a\A\P} 

• L^^U:: tSjj 3 '1^**(*’) 

*^L>«« ja) (,0l\p\py ^ 4» . i .P « Jb* |jlj.LC4< 

<«l 0I« =/'*'.*« ^VV/r) A 


ir 

Jawjp ij^ <izJl^ I ij^y * j-i 

V/r,t) = <;rlfi ,0 

jljju jl ^:,Lj U oJU ^b « jh^ ij^3 • '^r^ur* 

jj A—A jIJCLmI L « C>^3^<.S* • '^3^{S* »J>"‘*'"** ‘ ^o) ~ ^*"1 ^0^ 

J.A CiJL#- 







at 

aJx^Ij (_i^^ J ^jJ>. I J U . JjjT oJU- ^b dJjljUf |jOyri» 

citajlj ^^1^ <r| 

<T\jt\p, (> = rt|<r|^,(> 




J?0V,rj>l',(r,O = /A|4',(r,t) 

= (P^I2m) + V{f) JS^4< U 

cita.jA^ vi.j^A< 'F^(r, 0 (^) 

- ^ '»', + WM', - rt ^ (l^-T) 

Jbi^l If 1 1% ! j >AJ j JaJL*»*i 

aJjIa* j J 4^^ aS V. ’U ^Ajlj 0.1 

j^j ■ > > Ao w dl» ^>V i A l» 

oS cuwl |i xf A 

A A^LhW^ ^ ^ "'t ^ 

^o) r viwl jl 0^*i^ C i*fni*J J7^ frj jLm 

L/ f i^LwTflLf ^ aJ jLi oJU- ^-ft; J^»w 

j I C«M«I C ^^ 4 ^ 

IP, 0 = 0(1, („)|p,/„> 


'F^(r,0 = <r|/?, O = <r|0(r, Oi/?, /«> 





0^ J‘^■'Ir'Xr'j = T ijjb-^ di-lj jl ajUcL-l L ^ 


'1',(T, 0 = J‘A'<r|P((, I„)|r'><r'|;S, („> 


(H-T) 


Cfr.r', (, i') = <r|0((, i')|r'> 


jLtujI Ar.^Mjb 'Afj^ U 

(n-r) 

o Uf Jdj ^ )—X ) 


^f(T, t) = J*'G(r, r', t, fo)‘F/r', t^) 


(nr-r) 


A-< G <« 0 =exp(—/j?(t — fo)/^) A*iLti«t 4 
LsW^j ( aXilli^ ^ cuJL:^ 3 f3 ^ 

• ^ A^iljCLwl 4 

^^iMM^ukLo ^ ^ Y^—Y' ^ ^ 1^ <•—&Jx{ 4 ^ ^ A*>*i*v G A l*M X* ^ l^%* 


V = exp[-iJ^(t - to)lfi] 


XI aaI^ (n_Y) 


G(r, r', t, I') = J] <r|exp[- jjf(f - ro)/ft]l«i><«i|r'> 

i 

= Z exp[-/e,(r - to)/*]<r|ei><fi,|r'> 

< 

= Z exp[-/£,(r - ro)M)iA^(*-)iA*(r') 


(n-r) 


<|V d ^ fc ft ^ € <\ ■* I ll^ ^ iAA< Jbi ^ 

t A*i *>■ Lw ^ ^ ^ 3 ^ ^ ^ ^ 





If 


JLoi>l o^>^ i jj-* aJjU*— 

^ 4:;^lj JU:;>.I j_jJlS>- . \}y>^ O^j ^ v=JU tS 

'-^ ts^^ ‘ ^ -H^-K *A#*^ t5-l^ JUi>l . oj5j^ L^ j^mbjm, 

* ^ A#^ * Jlpf**' * Jf ‘ * {_ 5 

‘ *-!*il** *JjL«* y JL»2i>.I (;jl|f^ 

(_^V'+nr))n = rtS 


'O^ES'*-^ J 




jl I- y , 'F^jj fyj ^ 4^*3 Iju L 

CUwljk ( ^5^* iS[ ||rf 

2m 


(4-/ V^>P, - 4-, A^4',*) = ift|4<,* ^ + 4-, 


J^Ln* b 


V • ^ (4-/ 74-, - 4-, V4',*) = I 14',| ’ 


(4IS-T) 


JLs^l ^Jl|^^ ^ (JU ~t >t 


V'.') = 2^ (4',* V4', - 4', V4',*) 


{4f-T) 


•-i-tf Y*) « ^ff(^>0—l^pl^ «JUi>.t jl * ^ 

* ‘ A«\ 5 - J'^ t s ‘ ”‘^ >i i fcJjU* 





La :u *« j 1^ JU^I ^ J dJ^Lu 

L L^ j \ i^Ia^La^ JU^I (L) ^jIaIS ja I vj^*^ • '^3Jt5* Ot« J ^ ^ 3 
j>^ * Ois-^f^ * «*>** Jl*:is-I { 0^>^ ^) O^-HT 

g-<l^ jS^ • V • Jp = 0 ' ^5-^ ‘ (^IaJ^I*^ JLil>-I j d^fijdi — 0 < »i^L UL 

• J = 0 «S *->v^ { ^ f' —Y*) j ^ *—j>^ Cr^^ ‘ ^ (j» i. > » - '> - (,5^ 

O0^>f ( j^“ *-<» >.v 4-1•i 1*0 A^ 4^3^ 

(^LajIiVAoA^jA^ iS jJpli^A^ < I** ^-ft ^ l j i<4*- * 4 S L^ J '^ • I iSj^ ^ ^ ^ 

J ^ (^lfl*Aj * 4ii i^ k.^lo ^ t i S « % i Mfr i jgg>^ kSj*^ * ^>^4 . 1^ 1* * ^ ^ 

^ y0 *im i4oni*J * JLi/ ^ A -V id — [ ^ ^^Idw 

^ t( ^ { HY*~*T' } JA »\ * A-ii4J> ^1 ^»A.# y^!^*A 1* j Aj< inA ll^ 

^ ^ yX^ ^ J libll^ I A> lS^ ^ ( 1 Y Y* ^ l.^wo* ^ C^AMf I A ^ J t*ill>* I ^*1 g>1«i^ 

• l& A r *iM*. fc 

0^3^ >af ^*iV>M*tf W ClJ ^ ^ nXJH4 

A ^ L >w^ J^J ^^y^yr^ ^ J L | * * i< |j ^ j > »4 I » Omw I J IaI1>>I ^ 


• ' A Om«^ 


^T J ■ • ;^ J « cu«l i-S^ ^SjLUj aS^ c oJU* i^.y J<el 

• -V -^* I ^ uSL ^ * AwMM^f^ f ^pA) Lm 4 L^A>4 fr> i^l^L/ 

^La ( iSjj^^) (^LajI jio Ajrfj J bL a^ja^ Ij 4^3^ f 

C C >M I .3 J IS^^Mt (^^4j«i tlij (^ly-olMK,^ b ;J3^ • ^ tf '» ^ (J* ui^iaAO ^^^b3? '•^*< '“^ 

(_5J—^33^ ^”*'r) J3'^j>^* *^3 ^AaI^jI^ A.ALA:;o«l.>j3pfy>3Ai-S|^l^(J^bj 

b ( 0*^>^»34^) v 3 ^J ^3 ' t>x£, A-e^Li’ jSi^.ijy.i (_ 5^34 >< 1 ^ 3 

<r\ z l^iXflil k'> = <r|t(r'> 

I 

I K(^')K(’) = ^(r - f') 

I 


i Ojl.3 (J ^'' »'> « 3,»^b t-S^ J,^b^ iSJj'^ ts^<hf*>^ '■■'V4^3 

. ^yl Ifcj (.y^^U ( 3" ^ <S3J 



<’T'fp ( J“( ) * ^ rf^S^ ) ^ ( s^'*^ ) 



^<"'> = J 05,(r)i/r,(r) A U \ = <fl(l^> L 

E 0?i(''')0«,(r) = S(r - r') E 1 = I C>‘^>! 







(JiS Cmta 







L ^ Ltjl aa«a3^^ (T 


. ^ Ijl^ Ij 

. 11 ^ 1 La j I ^ A,^ >S ^ j 

0 jtfJ 


T-r 


/o 1 V 
S=ll 0 1 
J 1 oy 

^ ^ A 1mww<o A J kJtf j4 ^ ^ ^ ^ 0 ^ LIlJ ^ 

• Omw ^ j^ 

I JL^ ^ ^ VaS^^AMfO ^ cS ^ 3^ A^^a^^sio ^ ^ ^ 

. 

^ •^ i. '^ L ( ^ ) 

J^A^ o5 ^_-«-^*^ tsS — 1^ A^l^ jl «AliCLui/l Lf 


r-T' 


= j (ASy^ = S-^A-^ 

d Am aaLa a^I^ c^L^^A kAvjiAML^ y 


i^,> = 





. ^ 1^ Ij p3 ^ p2 < Pj >L:i. /^^^5lv--tf>:L ( ^1) 

' P 1 P 2 P 3 = 1 O ( '^ ) 

<J“J* ( c) 





^ 0 0 


lfl> = 



•p2!<3>=«^2l^»|^2>'tr^ ‘ '^tS* |^2> lSJJ ^2 -V^ (iiij^ 

c^ . cu*«^ jA ,^1^ g'* + * = g^gB ^ |^ 

*4^j- b \j g^^ ? cu-,1 j\jij^^ j^^Ak.\j ^^1 


6-r 


A = 



• (j U< 


<r| 7 ><« 5 | 5 > - \<y\sy{^ = <P\^XW 


^J j<i iS Ij 


l^> = !>’>- ■ 


<<^|y> ' 

<«5|<5>. 


1<5> 


• ' {AY— -r ) ‘ ( 5^Li«4b ^L»i::l jl . »A^j 5 , jtf «L > i:; 

' [^> Px\ = L^dLf ^^“' ^ Y'^T' 


iS ^ tf * ^ 


jl^ . . <Pj(>„ = 0 bb iJlJL>.^ ^ 5 !^ aS O^ A—r 

oJU {Y’“Y) ^ l * i<Mi> ijk.*T omw jLlaii^l 

(• r \t^y 4 Jll4 t 3^ 



(JSL^ 


.1 j 


1 C 


iwj-o JlcI^ jl 4 J 


I L 




Tr aM = Tr Sa 


L45(r-r JS^)iji^b 


/{at, Jr') = 1/a -iff + Jr'jr < ia + JC' 

= 0 (tsLfl.L» jj) 



(r-r) JS-i 


"J lS bJ J ^ ^ ^ ‘ 0 tj^3 ^ lAjOi >i (jLiJ ( i_sJ I) 


lim/{jr, x')-*3(x - x’) 

fl-*0 

■ 5 'jt 5 ^b (^1 iS ff(^) — bx^ ^ (v) 

-wj t5^b^ 

^(jr) 5(jr - jr') dx 

- 00 


pu')=/ 


{ j“if ‘" 3 'I* ^ ^ ^^ l o i’ ^ ^j) 

^ • a —► 0 

I f I^ a I ^ ^ l a I ij Ij I j I < \ l i * j^j oJ L^ ^ •J ^ LJl^ ^ 1 “*T' 

jJ (^A{ty) aJjL»« JS-i ( 1^^— \Pf 0) 

Ia I > c (j ^ji aS i^^l «1»(Hfj alSb J9^ai>«4 ^j ( ^ 1—•Y') 






^„(r) = 




’C \sbj^ U P '■_-(i.'_^4^ A J jJ . < V . ‘ ^ i S Jfy j j k" 

( ''^) ' ^ ‘ * * » ** *> 

lY-r 


r ft ai 

r 7 sj=" 


^ 12m ^ L.^_^ \j/ *- 

'^*^.<j^3» j*i ^SJ*j: ^^1 vjii iS3J • ^ Y'—Y 

a It ^Ij j- i dS I\^i 1^ i ^j iSj ^' ‘**^ • (j^ l« IjJ f « ^^ *^ ^ 

-j- Hx) = (p{x) 

Px 

O ^ b b ^J J 1^ Cw*^ ■ v( ~ ® ^ dllii 1 T” ^ ypyjJSaA «3l. V S iJ Ju0 

«.A ^ * P> J ^Lawl (jjJs tSjJ Px 

d dald OLM ■>»* b ^J,j iM * b^ jS^ dS «^|jJb j ^-“Y 


JLi^l == -2 Im K|'F[Vft 


• *^>“15* jaUs (1Y—t) 
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f 

^ KS^S^ ^UJlCc 

(_^l^—»■ t Y (3^^ j>i *Xt j»/laa *01^3^ 0'^J^t>“5J L ^ ~ ^ ' * ** * v>~»<^»* " 

’■^f^ b Lj « CUwl O 3* * ** “ * iS^y"’ ^>"* ^ ^ ^J (^l^-«*»Mi^jiw 

3 —• bU j\ji is^j^.'^j^ bU vlJU- i5k*^^>?‘ iSSJ y. 

. i_^L.t v5ljJj < 

• i**^ Hi^ ■ K « « 4 O * 1 ^ C. ft 

*v ft>b ijzaJL>* ^ b « OkJvb * \ ly *^'? Jj T j|i * i<ii |j ^ ) 

LmImI / Ourf <JLo V53^^ ^ ^ ^ f b ^ Lftj I k^Bi^ftA ^ ^ ^ ^ 

y^ i ^»> «^^ 3>*“ j ' a:i^L» ^ ^Y““V) *^ U“w l b ^ ^o) 


i.S[^lSi« Jti LU (5l4jJl» ) 


d-Ji^Lu^ !,«fcJ L— A b <iiii jftL( bb ^bwJl^ ^bbjtohjM ^ b ' * ^ b^Jitfj 




^ ^ 1 A"iil ^ b ^ ^ bte ^ ^ ^ ^ ^ ^ 3 ft* **‘** 

I ^ . I / . 


. Jyl *b=-il ( ^O—Y) 








“ {” ^ '^«}(^^(r) = £,i/-„(r) 


(t-f) 




If 4-^ irf) jii^b < Ij cJU- 

*-j viJl^ jS"! . ^ L t b l^ 4J b >^b 


Jim <r|;?> = lim 'F^(r)-^0 




(r-f) 


J^J*J-tJtsj^'^^ ^ « ^|. «- ^ b jj r CU«I cJl^ Jh^b 




j * «i-i b <i»dw b . .^ >■ *>^ cjJl^ ~ A Jtc (j) 

• Oum ^ |\|J %• ^ I L- 

^J ^ iS ^Ia«XxLS i^pbwl j l.y ^htb 


4 f dSldi^liLf 4 * *<ii K ( Ia jSUUiJ i^i^i J 1^ 

« ^ 4 * mw^ > \|jl » jj Jl^I^ 4"niiin^^ « 4^ 1^ 

1*3 5 = 0^ Lfc iS 4 J ^ ^ J 4^ 

^jb>C5^ f*^*^^^^*** 3 ll L^ ^ nj5" iii» Ja^ iNiS^ iS3J 

\a i ^ j I • I CJ||jJ *> ^ ^ J ^ OLUaA ISm 

» ^ J 4 ^ J ^ JkAl ^ I * (y = ikr^) jS;L^ 

I ^ j 0^3^ Ai* ^ bdif ^l<JL^ j I < ii '‘" if f ^*-< W’ *“^ ‘ O^** ^ f*' ** * * <i5^x 

I I |k bl' (^ b< ^ ^'^ ij A * ^5»bAt Lm < rt T'lf*^' JJ ^ 

e<0 tS^>{ (y = ~klr) is^3^ ^ *- ■>■><■ ? ‘-b ^ 

C»K^>f Oi» b (3 t5» t “') <X,tfi«bc-lS]^ £ > 0 ts'j^ 3 (t5'^i«) 

^Jii b t 'i yi I J Lkdy I t^Maty^ I V. * ^ '■^ £ 2^ 0 ^^ 3 ^* < .^ >-< |^ >*Sif £ < 0 t5 b 

J“—b (J—wbil 33^^ .A|#i*b y •^ifju (^bU *j>{3*-'. * ' «*^ < b i5^Af!>b; 

* ‘‘I'l i^ '-S?^ *“^ii*< l ft,f i i <iii« d4^ b ’ * i H J b ijfiy -A-i• ' V ' tS b "'* ' ^ ^* *' ^ ' ^ 3 

• liyit i^\aapj j«i d<A^ i_Si^^jC jJ j* jl b Atf b' 3 *■ " **» ^ uijiM £ l>i^l j«i JK 





loY 


J|»|| |*> I Jjy b* ^ J ^ * ■ * *** ^ 4-LSm*i>0 I jJ * 

W^jmi 1^ ^1 , 9 ^ jjb^^ 6 \ L 1 <■ »o ^lib^SHiLiP Lp ^j Mirf L>%4 i 

• ^ dA^I^ »tSjj-'' < i V jiio6^^j < ftji L ^ ly*>J L>* ^ f 

j\j>^-^L^^ Jk^Jl4 Lrf ^_C 1^"»« J jLrf ii ^M f < 

i L j IU IjA^SLL^iP j Ui** i * ^ 

Jjl jJoLpjl ^5l " «« Mj l ClJL»-&if 0»^^ ^Jfij *•-***'' (j^J^ 

^ ^ a il ’ > > »< oL^^ jj iS (j.. *^ 'Ubjlw ^" *<*««^ • ■i^.i ^ ,( i C> l^^ ^ J'^ 4—S 

, A L 1 1 1 ^ /jy (^i^f^iio • ly>iiJL>- L^ ' V|j S4Ij 



‘ e > 0 J £ < { 4 ' ^^) *-**^ { 

» J/r Jxf-“l^ Lj ,54 ^j>:Ia< 4:^1^ 


.-■ loJU. i^A-,i>^>» J^bAj^j ^;^Sal• J*^ 

-il^-iJlw^^^A;5■|^ ^U. ^jirfUjT aJ^ja^ a^ Ij -k{*^ v5^ 4^ fj^ ‘ j^>-o 

c^;V-;^4< (J —Ij ^b a;^^ fSA^ JifAjO 



u eS^ jJ f 


) o A 


jki . iSiSiSj^^ I A'b x a 1 ^ <« h<i ^jj^J^I 

, , \ ; - .^ft ^5L ■^'• *‘' i < - * ‘ A j jl tu j^ J-\ * » lS'^*<*-^ (3sL«* iS^ 

iji Ij V-"^ *■ “ * < '*• ? • Ww' 

|> <\ a jAi¥ L«a4^ 1 Law I ij I liw^ ( ( fc i tii 

J? L. I ^ aA ^J^AAW aXJL^ V ^ ijfaf Jf.^ Lfc AIaMA^^I^ ^_cl^i * *)l>* L Ia a A^ 1 

. Jii-*^l^ (jLlba* jl LI,l^T 


• K = 0 O^ ts'j^ ^ (jl«j>i (j-^ 

<jjj —«jifj JjLm*^ j>^ 3 = p^jlm j' 


lit j *3 l^T Aji3 Y 

i a^IjT a^«^ V ^| A jfci L 

0«*vl Vl/jliJLfi jt '‘ lliM ^ Ail l 


KS^ 




2m dx^ 


rj/ = B\l/ 


L 


il/" + = 0 




i^ylx^ ,Jil*».« aJjL** . >iy^fj* 


+ _ Jkx 




3 =e 


- _ i,-«>* 


i/^j± tS^j P ^ ' .xn-jb p ^b *>fj o^>* .^5^^ 

^ = ± ? lA** = ± 

1 ajc I 

‘ = ±fif( jlxiSjU* >Li. isUjIaaaa^j aS 

^ je e-^ *S Jl*^^ 5- Jj ftA: tilSb Lf i5Uj j ij/t*' = e'‘* 







X t5^ j-i O^ lj_ftA:4^l5c L^5jljT«jj 

'jifj ‘ <Sj^^ ciJLs» . ot:5^^ 

£ = - 

2m 


.v.VL>»,ai 


jl cu^l ojL^c , (<l^_if') jl, 4-JLi^l jU 




ft/c p 

= ± —=±-=±tJ 

m m 


<Ak (.S^>t 3 Oyu,lj ■'^ cS^>f 5 cu*i.l jLi 

jl cu»l ci'jUf aJjLu 


lAgen =^lA/ + 5'/'* 


<iJ jIaJm jl 

« A *» <<i^ <—• ^ *-^ Cl- Ij j JI aS^j Lc^ ( ft I* !'« * j«i 

•(T-f J^) 



>Xtu jl ^ T-—'f ) (J^ 






‘»>?•5 01 ^l Ljf (K< 0 ) 4 - 3 U lrf(j/> 0 )^L AJiil^ C«,l a« 
t>-l Je* jk^ c:-4u- 4- X-+ +O0(>^j 4^ •. \v\ ,.e t, ^J j'^ I- 

a- JS-i eS . aJ jljT i^UaJLoUjJ oiji 

Jil J_!u , c ^ .Ci^ 

■ ^ O^ ®^jLi olj j iSjj^^’ ( Y_f) 

^5Aju iS^ aJoLji. Ja-)\ Jt—;b^ aix-^I^ <^3^1 


Jt 



^X) = 


2 m dx^ 


+ Hx)w,ix) = e 0 ,(x) 


(r-f) 


lj{ V— ^) 5 tS^J-'^ ^5laji«li*A^j I (jL^j:JI>- cu«mJ4{ 

j J,j>-^h^ |jf| OQ . -ijS fi > 0 ^ 

<S >x: ’U . a» = {2mE/h^y^^)te~‘’‘* 3 e'** ^ 

^mSjlp 0^j< r 4Mr 1^ c-i4(^^1^A^ aS I S !>*Viw th Aulo ^ I iM,> ^ *Jt aS 

j l h' ii>loj^«tf ^ V ^ *i> <—A j!o jl A^j L aS^ ^.ifib^ys- ^JOji, Ji ' ■ * ^ (_y* 'V*^ 

*~lf< b-IJJ l< ^ uSJ j ^ 6'**) U **^ 't*? j<^ A-Ltfli j>i 

A>i jyt^ ASkjjj U**^i< {Jf ' ‘‘“*t: ^ ^J '—Aj J «i l^j A U j O La I. f>ti^ b AJ ' «^ I ^ { ~ t '**) 

ij i f*^ " (T—f ) J>^*J-«b\5 L(r~<^^A^ tyi“ ~ e'**) 

X-* “00 ' ' 

fl/,{x) ~ £ e'*^ () {f -f) 

X-» + 00 

h (^)1 


A-JoLm ^ 6 AJJL A<^(o jl»ijiLi A b «i»» 

V '>?■ c 5 ^L{ jk; L^ i5{T—f) 

U-^-kJ^ £ } B • a '-r*n^J^* Jii yt O-T o-OA- ^^•i 

• 'X'}j '^is* jy*^ ^ } "^y^is* *'V<bjL< A^jLf L{ aS^^S^aT 

'{^f—V) L«c-«»II>^^ =/I e'** A^jA- aS jLi 











A.„--Ifi| = 

m 


^ </.rans = — |£| 

m 


Ij j aoil^ 


•Zinc ~ J 




J F 2 

c®" _ ^trans ^ ^ 

" Jin. ^ >1 




aS I o J ^ r ^^ aImm^ l^ J t» * i ‘> ^ ^ L aS* 

j < JkMf oLa^^^A^ E A-- I--* ^ A_5 *i-^L ^ ^ =1 

^iiliiiih~iinn Jmm_» ^ 

•C5— 4 k mmO ^ *-4 (^l I AA^ i'v 

‘ (•—o-^jj‘ (t—f iJ^^y(x) = 03 0 ^ X ^ a tS*>i y(x) = Vo 

A—I^L^ . .^jLw^ (jIajIajI b Ij ^ jr = ajx=0j*^ 

i4*“ A ij^ Lam) j.i <\;W 

- ^ ^ = e*Ae’(^) < 0) 

^ fe2 \ 


{-^£5 + »o}'I';'w=#i'w (o«x<a) 





ia<x) 


(Y-f) 




^[(x) = A e*** + B e '** 


<A'“W = £e‘'‘^ + Fe~'>‘\ 


hmi 


(A-f) 


e > Kq V 


<A“(x) = Ce'*'" + ^A:' = { oJI a - f) 


£ < ^'o tsU j 


iJ/'Xx) = C** + £)-^* ^K = ^ j { V ^ f ) 


p ii 

^y lit b/ tX^ iJp^3 '^tx> ^ iS ^11^11*5'^^ A JkA) 

I^W A ^ l^MW I L OLw A ^Xj Lt ^ ^ — 0 ^ ^ ^ ^ JII * j ^ 

* — ’-^y-iitix = a^ X = 0 j*^ J LS^ ' *Pt {Y J"^) 

^*♦“'^^5*^ 0^>—^ EjA 5 BjA '£f 

• '^-^15* O tf«- * *" ‘ .iiA Jjj.* Ij jyt^ j <-^bjl< \^\j^ 

• *i— Jtj oL^U%« 

c^lj |k^l^e> 


A (4e/Ko)(£/Kc 


'a 

I 


sin^ k'a 


(4eiVo)(elV, 


a 


E ^ 

“ :? = 1 ’ 


sin^ k'a 


(4e/(/o)(e/Kc 


a 


{^1 ^o-f) 









B'^ 

A 

E 
A 


sinh^ Ka 


1 + 


sinh^ Ka 


(46/Ko)(1 - el Vo) L (4a/Ko)(l - elVo)\ 


~ 1 


1 + 


sinh^ Ka 


(4£/Ko){ 1 -e/Ko)J 


-1 


( V 1o-f) 


tr-f/Cl 


t>‘b- 


3 • ( T—f ) 


( i-f) 


jt ^ 0 ^ C * B ^ A dJolju^l^M^ ^1" i*>iM»l 

. (e > Ko) <5'><) tS^j ij^'*^ya4 -W 

x = 0 

X = fl 

0.'(O) = *lf[HO) 

tpl'id) = ^i"(o) 

A i B^C D 

Ce'*'" + !>«-“'" = £•«'*' 

0;'(O)=^;"(O) 

■?: 

It 

m 

rt(/4 - B) = ii'(C - D) 

ik'(Ce"^'‘ - Bf-'*'*) = ;*£•?'*' 


• v^U- 

lS^I^ iSfi V^-5^ E > Vq i^s L5^ ( 

^ ^ ****^iS* hl.> . Iiii f ^I|\|» <li ^ * " <■**' 



Jo-ciL jj cS * ' »Slo f 




() o—Y 'j, *^^15* i^l^Q ^1)* 

• -^^15* (J:tf-^ ^->1^ 

rt^ i ■ A u iJt<^*^ ‘ jy^ >i-iL e < is^i (*^) 

ulj J-fl>lj_^ VqIE’ ^1 ( 1 ®—f ) ( '-*JI) v " .4< w» j J 

. ^ < j >- Ijo^ I , <x£i Jla ^ J —> 0*^ * ^iJiS* ■i ^^‘* * ^ ^ * S 

cu*.l (^j(^3^ {p^ < 0) ^1 

«*r J ^ ^ t>S ^ ^ ^ A j ^liJ ^ aS • ClrfM ( d «Xw A LXe ^ ^ 

<. " 4 AH I di^ ^ Mi ^ ^ ^ ^ A^ i|J ^ L# f < ~ ><M |f l ” 4 ^w f W B 4 I 

'^'\y*0^ ‘ *^>“15^ t )^ ( A—f }*^***y' ^ . A^i^ 

{^j I^ Juw aJL^ta ^ 

A Ij> ^ f ^ r i< ■!» ^ ^^JwOuA ^ ^ V aS t C ^ Ai^ ^ L^ ^ 1^ I M l# j 1 ^ A A 

t I ^ A <**■>A|i ji*> ^ 3 ^ 3 ‘ ■ ^ J tfC ^’* 

W-'^ tj'-K j* «£> Ko(5*j^ ( 5 ;,) 

*?v^( iO“f)j' • (f-rJ^) A-jj 3 (^ = 0) ^ = 1 

aJaLm ^5l^l^ 


sin^ fe„'a 



= 0 



[2m(e„- 


» iL/ A* <.i«I A aS itS^i ' y * > ' *j • 'A*«»l uS^ L{ ^ kiJli^ ^ A ^J’AJ A*. 


2n 

Y 


a = k„'a = 


nn 


(/r=l, 2 , 3 ,...) 


j jUaSjl A.^ lJ^L> A->0 i.S^i Ai^ l_5^itf*“^^A» < j^Xi^A ^l^A^ It 

» ^ = 0 ' ^ = 1 (*^*"4 AA^Ia e> Vo i • 3i ~ \ ‘^ = a2^1a£ < V ov5^>< 

;,-^0 A_—». jA aS |«—A—la>-^L-* ‘ ( 4- 1 0—f) » A-iL E<Vo tS {S'^jy* j'^ 

l»-f) E>Vo \S^j< • ^J\s* J^-iS jSl, 

3 sinh Ka-«-ao 

O^JS-l«jj^l . L AJ>■^^pJ^^^JA <(L_iJl 

. AjI AA A^^^ A»» \*yA~t y A^^ ^y-ij* X — ayx = Oj'^ C^ if ***-* ^ 



^ 1 A iiiiii i »0 


) )a 


a =^ ^nA ' 

'•Sf! ^J—^i»M# Jb>“l J jj iS3J^)^ JTfi^ ^ 1.5 ^ is^ S: 

iS ^ A^ 1 Lrf aS ^ 1 l^kA ^^^JL>* (1 

1 ■ J 1^1 • jio «Aibl^^ ^M »o A A JU^Amw Lib j 1^ 


r 



15 “^^ 4 —S • J><^ J'^ • ( f —f ) 

(*^) .^-► 1 ‘ c -♦• 00 

Ij ,j__Sia;5Ij^ £ > 0 iS^j^. jrt^ (Vq < 0) • '^'i^5i• Ij 

^ • JL*-^ 0«Mi OAta^ AjlA I Jwitf j O A O I A^fc^Jw j j L^ ^T*<^ 

A< f^l^» «iilU>-■ l*xl J aS ^^ '>^ ^ o^ j-^ ‘ (e < 0) t5^ 

. ^yiii jJttif X — 'i, 00 J'^ ^ ^ W ^ tS ^ 


1- Ramsauer 







cS^ISji f 




JJU ySj j J lA^ia l^bLo ^ 

i.^ J ~' ‘^i. ‘*^ j^—~^ 3 ^ ‘ ciJl»- iJ^Lxi* jj 

J^'^3J^ iJjL** jl O^OJ^' • J^3J^ 

\ h^ d^ \ 

[ 2^'^'^ ^Wj'A.W = £.■ ijfXx) {n -f) 

£,■ iS ^yi ^^1^ , ^i"_ ^ C5j>* 

isr^3 • ( ) 1—f) 

jJv. . . IJ -x ^;;-^l . Jjlj l5^-< W £ = E( (^L^Uciil ^^I^Jaii . JjS 

■ *^>“45* * " *««**i. ? (ji i Jj4^ O •^y < Jo •X^^^ 

6 i N A Lm« L j^ \W i ^Ia j ^ LtJ j lh**i il J IjM ( CUmi J4^ ^i 3 ^ - ^~ aS 

• A fcw i I,. ^ I*|>\> f_5 *4f 

iS ■*^ tS 4 '** ^ ^ ^^3 is* 3 * ^ . * ^ ^ «A^>i f > if^ ^3^ O 1 ^**^ {^4 ‘«^«ni»l-^ 

{ C >^i j " '* ul ^4* L«- ' «« l < <^ i ’^» <» |_) x, » 1 * » " j 1 j 

(^» v ■ I (.^ 4*1^3 * 4 * f ' 4 ^4; 4 j a, i mo t c./ Li2 144 ^ * * * "'* ■ (j ' j f u'' i<tf 

• f^<s* 

« J>i« «C Ai 7 « ^ft' ^ JL < y j I it *e ^ 4'^^ ^ 

i ■^j ■ ; 4^ 4 V AJ«lt»o ^J^3 J ^j 3 ij/i •“( o4^^ 

r 2 ;s 5 ? + H'^'W='''^'W 


if^£_ 

i 2m dx^ ^ 


Hx)j^j(x) = £y^Ay(x) 


3 


jiii ^ w aS ^ {^“ — 1/|x| Jb- <-S'c5^-^ 

• A I ft jA 1^ » Ijp i M * ll^ O'^^ * ^1 ^ 





) )Y 


^ij'^ (•jj-^ dJaL* ^ ij/j jj J^l aJjLi* l^. £j = £,• = £ L 






-^('i',^/-^jr:) =0 


2m 


— (i/.,././ _ fAj>/) = 0 


1. 


**^>^(J* *> »?*■ ' o*^j* 

(^i - ^j ^i') = const ( ^ y _ y J 

«—< \lfj{<x>) = 0,(oo) = 0 < cu*l tsLe^l- tsU «5 j^^Ua< 

J Ia X ^ L:: ^ c::**.l jiuo Oi^b *5 

'Pi'Pj - ^j*j/i'^0 (tr_f) 

jji. ^ r—f) dJ^i** 

tL = tL ^ ( 

’ <Pj ~ ’ 

In ij/j = \nipi + In C, = ( 1 f - f) 

U x'j-f U C *-?V^ UjU^ dO-ijUfcl^^ [j/j ^ LI 

• LTJJ ^ Otf*^ J ‘ 2f'-5 -5 ^1 j 




0/ 

0/ 






2- Wronskian 


Y 

• ^ c?4*-*<b 



<XJtf jj cSL » CCa f 


) u 


A —^ ij/ * iXt^^ 1^ \(/j < ^ *sf^ C-LpI J 

^ J f ^ W > *1 Ia V.S^ ii \ . ^ -ji rf > ^ ly>JI^ L/ <— i L-/ b dS f \jf 

I IjL^ J 0 0 J > ^ ^ P) ( < ^ 1 * A A I^P b/ 0 dh;^|l^ / Y* Y A^ il t ^ i 9 ^ I 

t5^ 


J 4>*ix)\lfiix) dx = -5;; 


^Llab aL>_ f 

i»- u «-“L AJutI J 0 < Jf < a ^ • F(x) Jii-*“t;v‘-^ 

''^-*^^ ^■ (6—f (J^) '^>“t_y* ' K(j:) = 00 J t5l*U- i5^x i Vix) = 0 

j-^l jj izSj^ < jiaJ jl. = yp^flrn) + ^^(-^) ci*i«l Ojl^ aI^- jJ Aj j 

^ bb _j 5 !l»C . J'^ ' i5^— 

^ X > o 

1 ^ L^ « Juw L d J I jy L^ jl^ tJkSL n ^ C -A-w ^ pfc? ^ * CU^tJC ^ 0 

dJa-^lj j J aS Ij JaAJ 




(»ej5 1^ « i/r„(0) = \\f„{a) - 0 « 'ir^uf* 'Ssj j'* 5 

j I b^UdW ^ ^ J 


i//„ = A^ sin k^x + 5^ cos k^x 



J** • 5„ = 0 f-‘ ^n(O) =^ 0 ' is^ ‘ ‘■’•^ J'^ Jl-j>l L 

A.?v^ ^'ni^) ~ ^ ^L x = a 


^„{a) = A„ sin k„a = 0 


{ \&-f) 





)) 1 


1/(a) 





«_«H>b^ tS (y4, / 0 ' tyt^'^jitf^) uPjt^ jj-ki» ( )6—'f) 4-l«iU« 

^ jUual^ J j ^ A . 'K d 


^„a == nji (« = 1, 2, 3, ...) 


, A77C 

k.^ — 


(\f--f) 


^iS* *Ab “ ^n (mi/o)x (J^A^ ^l^_A/b 

A^ 1^ ./O -b^ Jiy»^ 


= MJ^ = \A„\^^-a = l 


, fcllij^ jiaJ jJ O i .. *M i j *, . *> ■ 4j1^aA ; C^b iM 





)ro 


* W*^ 




^j!i3‘ 


/I, = (2/o)''" L 



|A, = 0 



(0 < X < a) 


((jLfcL> j j) 


( lY- f) 


« ( I f_f ) 4^ 


I 




Aju 4 jb;5 3 



(U-f) 


Li^^-Jsli- . ^ ^ ‘f) jlAi« aJ^ 3 3 ^b ^a 

A •Af • J ( JV * ** " ‘ J>^0^ ‘ ^l i ^ 

4 ^ [^ ciJ L>* ^ ^^ A ^ 3 ^ (wJ • a,j 1 a^ bcwt 3 a a^^ 3 a ( 3 a I aS aj^ O ^ ^ 

c : < ^ i. mJ*» i. » ^ ax ^J.<dl jl |i >,, i i” i.i«ii» A jy ti^i ri J i.S|j Aa^^a^ vIk^ ^ Ijjlj , i’U m ,; >= 1) 


b (131^ ^31^ Aj^ ^ vaJ L>* 3 a P ^ bnj fci * ^ ^ a ^ aAe aS aA a^^A ^ bx * Ai^mw *■ 


<P>i =<£ilpl£i> = f i^i*(x)T-p»/'i(x)rfx 

Jo I ax 

ft 2 f" . /n \ /” \ j 

= — sin I - XI cosl - XI ax = 0 
i aJo \a / \a / 

, ( aU- J3-Ia3a) ^2 = 2mj^ 0>f ‘ 

</>^>i = 2m(^Jf )i = 2mEi 

%x^ ajb A|^ 1^ laJ L^ 3 a ^ ** r^ f ^ ax < t aJ 

Ap. = «P^>, - <P>.=1''' = «P^>.)‘'“ = (2m£,)''^ = - ( " - t) 

a 


f 4-* i. ‘i’ (j ^~ ..«3tf^bA^ 3«I X = aj X = 0 j'i '/'«* 

a a ,j 6 j >a<A > taai^3a lyA.^ a A a la Jsix.' I 3a P'(x) 





ID 

^ 6 L> J ^ 4^3 aS f 4 L^ c 4^ p-j '^a^ j'*. 

^ ^ ^L5* ^ ‘ ^5* i.^ > |k Jl 6 (J-^ ^ j ^ ^ * P 

4 4 I ,< * L; jijO JLi ^1 aS C^L>^ ^ ^ jJb^ ^ Q {S^ 1 4*^ J ^ 4 JJU (_51^ J 

«4jj 4j «i *>^ 1 ; 1^ CI 4 J l5j^ ^ 4.fii« L»«i ^ ^ *1“^ ) 

• *^>f^ 4jliiM Ijj^ ((J (_1^A< 05‘ ^ ^ 

< 4i—_:l4 4i—i AjI J ( ^ ) 5 { W—f ^ 5 4-*^^ *itf5 4jUi-.l 

jj 4Ij ^ l«4 cJI^* itzS^f>- . 44jL<^^ O^^ Gix, x\ t — ^ 0 ) 4siL lfc >4jt ^ i ‘ U^ 

• O’tf'**^ ( T ) 4 jliS-«l 415- 


^LmaL oj^^ 4 L>.— Y 

J l>*4 4 I L l^4l4>SL * I 4 y ‘' ■44WW ^ ^M^JI O ^ ^3i«5 J ^ ^5 ^ ^ ^ ^ *i| j J Ia LAm^ 

4 O ^ *-‘t ' T * j'^ fl /2 AXoliA-f 

,3i*mJ b^4 4 XmL^ 4>4j^i>0 Oux J j^lAjl4Ai4 6 ^^ Jllul ,^1 jJ *5 4^^^ Ua.^ 

J—cu«4i4^ X -* X -\- a/2 i-L*^ J ^ 4 jlii*«l Lf 4~a^b 4^3 ^ 

^ *4 ^ ^ k^JUbt^i^ 1 ^ * 5 ( ^ ** *‘*^ iL44» 


V(x) = 0 * —all ^ X < a/2 islj- 
K(x) = 00 ^^LbL>■ j.i 





Ij <^1 


<(J* 


'AnW= (-)' cos—X («= 1, 3, 5, ...) 
\ff/ a 

/2\ /JTT 

^nW = (- j sin — X (« = 2, 4, 6, ...) 


( — a/2 ^ X < a/2) 



jj f’ 


) rr 


V{x\ 



j j (y»LruL; oj^ • (^-t) JS^ 


' " ' "^ l/f„(—jc) — f/'nW (J*'>*|#-^ 1^4^^ 

y >1^4^ ij/^(^~x) = —\j/^(x) '■' " ■■ . ««M ; 

4 i ^y ^ , * ii 'y^ l t* » <t ^ I >* «,« I ^ iS j«i • JlI ’* 

I */'<! I ^ U5^‘ CJj J J «*\*4b ^ji 4 4 j 5yj *^j4 

j'^ * <■ '' ■* « ■*< (^1. cmoI ^b 

■ ^ *1 litfit Ijh ^^jg urf j bu L>- ^ t 


*^j4 —A 




L^ <. r 4,jx r > L^- b dS 4 ^ 4 ^ ^ "ifi t jA^ b C 


jjJb« (^)-<I • jjluj AifL^ j v " <i>«>;f.< P j 0 ^< v . s ( ^b <>S^ ai<^j4 _^S1L*x jn 

i-S^f j I 




irr 




L 


Pt= -tP 




[r, = 0 


jS(^AfL> jL ^ ^ j CU*»<I 4>l«v 

[A, S]+ =aS + Sa 

( A”'? ft l* i n i«Vi^^ i, ^ P ft l |, i M >ji>rf I j f ^ Y ^•~‘T ) I** • * " *««> I ft Am 

*' ? v^ ‘ ‘“‘ (Y«—f 




PP(t P) = F(-f, -^)P 

* f S P <s^3j 4 PCfs^jt^ • P( — t, —0) =/"(?, ^) 

[P^ P,..n(P> ?)] = 0 { Y 1 - f ) 

|r> i5jj ^ 4:;^jl^ jlLi t5j^^U-4^U-,jel^ jl ftAUj^^l l< 

9 

(Y»—^ p|r>=r|r> <5jj P ^ Oi#e*- 

Pt\r}=rP\r} 

-HP\ry}=r{P\ry} 


P{^|r>}= -r{^|r>} 


-r j' 


*Ji?4 U ? 


{YY -r) 


Ij 


jUcI 


P|r>= |-r> 


(Yr-f) 



jju (Si f 


)rf 

c 

4 r . ~ «i«iii>.i ^j j y ^ j^ ^ C x n / ^ 5 ^^ J^ 4 (< f 0 “^^ 

.(Y-f J^) -^4 



j J I ^ J*^ ^ J^ ii<J ^•wISulJ I ^ J 

• A m3/ I J 

i.^ L/JjLm ^I£m;I j ^ 3 ^ 4 3 ' Ir> iS^j pO'^^'^Jf^ ^ 4 

PP\ty =P^\Ty = |r> 

m 

* ? V^' jJ 

p2^pp^^ (Tf-f) 

. +I ^ (jlajljJua^j dS ( ffti k .— >^j) isJ^ o'j^c5* ( Tf — T )j' 

*^^3 • 4 4 ls 4"^ ^ A<I wft + ^ j 10diu*j|j^4^ ^ tSl^-uJ O 

yZ*M0yi ^l^U* ^JiJ jl , C4<i.l .iji 4^jl^ 4 4 ^Li^—^ 

P I ^(even)> = +1 j ^(even)> 


pp^p^fi^l 3 p=P^ IjiOtrj^ ^ * 



P|«odd)) = -l|«odd)> 


(va-f) 


^ (J^(—f) — •^(^)) jj 

d A I B J A ^ ^ ^ It f' O* ^ ' * Vll%uw^ f ^ 

*■ ^ 1^ I^ |j **i * Izw ^/b A * * I^ LiS^IImuo ^ 1 ■ ^ j I 

‘ ^ • (S^ * t;5- ^ » * 

^Jtij Xi^j ^ cJU- v^ ^b b^j 


>/'/»...„(*■) = <*■1^ (even)) = <r|{^j/? (even))} 
= {<r|P}|/?(even)) 

= i-r\^ (even)) = iA^,,.„(-r) 




. CamI ^ Jt^b j ijif*” ' (il* 




\SjLi\ ^1 ^ J 




|k^jlo ^ ^gl ^ - ‘ « H>‘ tS 


'/'/fpdaC*’) = -^Po^S-^) 


(TY-f) 


^S Af^n in * i il i^iiitf> ^ b ^JUU ■XaA4 

("TT ^ b 1 i IIM ^ O^ (^ iiUiiO ^ b j Cb fi^ ^ dL^ mtl 

. JLj/j ji 


I A J I t’tiw I '^jyb A K|I|I«|» \S^Ji «i I «i(^ LiiJ 

jJ f^'(x) ~ Vq 3-a/2 ^x <: al2 <^*->^ Hv) = 0 ‘ 0 L 5 . jj aS Ij tsUj j 

• ^jt^{S“ j'^ ' (A“f J^) tS^^" 


a^ t " ,. ' • «- <-%M<^Jt^ — (^^/2m) + is^y " ' ^ oy^ * 

. CUmI *^jl< 







/(jr) 



I <« • ^J >X>«> 


i£ ^ ^^ ^_C ^_C I ^^^ ft4 Ij 


— C„c*"^ + £„e^*"* 

= ^n sin fe„ X + B cos k„ x 


(x < -a 12) 
(-a/2 < X :$ a/2) 
(a/2 < x) 


(TA-f) 




^4 = 





X, 


| 2m(Ko-ej y/^ 


(Yl-f) 


j^jU-j j Ni^lj < ^i'„(±co)-=0 *5 Ai;Sjj4 

^jLL;^U ^^J^. E„- f^ = 0 (SfA>i j^j-* 
^ ^iii^Lf( jJjUsa j|^) -^ji W AtfU t5‘^ *-^ oj^"^ 

a_5 c=^I j\ji^ J«i ^ni-x) = \l/„(x) *k,lj 4^^ U. o*>^cy* *J 

IjjJU ^l4< iS cu-l ‘ C„ = D„ iA„ = 0(^^ 

^ A>j cwW^ • JeJ>^ ‘ (SfA«» 5 *j 

"Xi^jecj 



irv 




•AJ = A 

lA" = cos k„ X 

lAl." = 


(rt — 1, 3, 5,...; 


( ^1 ro-f) 


^ *An( ~ ■^) — “ *An(-^) U 3 ^ ^ ^ 

MI ^ L = — D^ ^ s^ — Q tS 


ia; = c„e*"" 

'A" = ^i.sin k^x 
1/^1," =-C„e'''"" 


(« - 2, 4, 6, ...; a:;^^!^) (^^Y'o—f) 


X ~ ±a/2 3 *>tf3 ‘ oJL>-_^ tsl^ 

x=~a/2 (.5^^3^ "^9^^ "^9^ X = +a/2 J'^ ‘ •An OA 

P 

, jjlijji 6-e!iLi-( Y—fj*^ a: = ajl t^^ 9 ^ uS*x • '^(j* (>?• 'j 

•T - \j < ( Y—r) J('-■J*) X (v) — 


/c„ tan {k„a = 7f„ 


(^in~f) 


o-tf 


k„ cot \k^a = -K„ 


j j . jjS A A„\^ B„ 


(V rw) 

K i>A Q ijU ciU ( 0*3^^ ‘ *3^*^ 

^T 01*1^ jj *><3 '^J9^ 


ij/J r= S„(e'^"‘’^^ cos 

!/<“ = B„ cos k„x (n = 1, 3, 5,... ; glitvA) ('^'n-f) 

cos ^k„ 0 )^“*^"' 


= —/l„(e*^"''''^ sin 
iA“ = ^„sin k„x 
\j/'^' = A„{e’^''‘‘^^ sin 0 )^*'^"* 


(n=2,4, 6, ...;j^a:;^j 1^) (vn-t) 



cS^tS^ f 


)rA 


(T~f) 



ft^J 1;^ 

a. 0i'(fl/2) = 0V'(a/2) 

a. iAi'(fl/2) = fAl"(a/2) 

BbCos i/c,flf = C,e“ *"''''^ 

Asin J*„a= Z)*^-*''"" 

b. ^t;"(a/2) = vfr;'"(a/2) 

b. .^:"(a/2) = .Ai"'(«/2) 

-Ar,fi,sin -KnC.e-’^-"'^ 

A:,/j„cos i/c„a = — Jt* Z)„ e”*"''^ 


{ kn 3 Kn) IS^3 ■ U^J L»i i >^. ( Ja^^IjiM ft t , . ***'Bn 3 ^n 

^ ijJI y ^f J j\ iSj^^ ^5l»jl>xi« . A*T ciMvJtL/ J3^*^. 

— i (J"JJ * ' " ^‘ " ■■ ^ iSj-t^Jt!^ jUo ^J,f^ Oi»K J4< { V V 1— f ) 3 

. CU«I ijijj L^-;T^J:>. 




3 



/m^y/2 

\ 2h^ J 


(rr-f) 


Jjt ^\yi~ l^Tv_^^ (^tl -f)j ('-^>T'\-f) 


y aiAJ^ Outfjft^ Ij Y) jj £b t^y 

{\-.f J-li)^cotO ^tan (v'5= ^ (i?"" - ^lti,li: 

. «X^ C *M> ft< 

' -iftii «y 4 b Ij l^r-Afb «y^y ^^\y;y^Jt 

L, /I=T‘f'f«O0O J U ^5l^^l*- n ^ ^ « Y • r* OO O 

dJ L^ d*w I ( ^ ^1 v'>?' 0<^3^ ^ ftkfl.^ . ‘ 

t ft- ” >.- H^ * ^ :lciJU- i5-l^ (*^j^) ^2 ‘ 

. 3 ‘ (3-1 ^ jl^ ^3 v^>?“ o*^y^ 3 

y t I ~ I iiJ (Jfb ^ ^Iam .< Xlb Vo ‘ ( J -W ' 

t ft»v^ J J y t J^bJi4 b ^lisJaliL 

*bi: Jjl*x^ ftS jlJ ^jLsj o^s^is* ( 

Q^Al^jL y I ^^^3 oJi> <JL (J^fjj> l^Jbt^ <5^ <SJ3^^ * .ijlj 







^ 



^ It *~^' tw U ‘ y^o —* 00 ^^ 

iS^j^ ^ c «S tfi-» - j«i (t*»—f) t5^J^ 3 K„-* <X)t^ ( Y WT) j' 

J—Sli J (^ ^ ^l*<i » d^^LcA^ • 3 G^*^ <J?^t*^ ^ 

= ^nn Jpli; j j Ij— (Jcot(^j^tan ^^^3^ 3 ‘ '-^ '^V-^ c-***.- (.f 

c^jyo^ € (y'Y'— f ) jl * Ujl^Xi* ^lai 




= -nn 


2 


2,2 


£- = 


h^n 

2ma‘ 




^ ilj- iSg <5^>i 15"^ 0^^ ^ 


• <j« i i y Ua< 


\Sjto Lcib jSkj Lw^ — \ o 


J if jMi»b>i^ <-Sfi A tS dj«i Vi^ v.S^IS* 









JJ, ci ' » ISta I® 


)ro 


b ^JS L^ J J , c:^,. I jj-i T u X .aA I iS Ij I -i (»-fti 3 iJ-b-C C ' i,«tt g > I Ij I J |*J6 

‘ ■'' ’j^Ij loLaioLa^^l j f cifliXtL^ jJ loL^Lal^^l < «n,» 1*1 Lfci*j^piSUI 

4'**'« b ^jtij j L&jIkXi* > " U K '^ ■z « (_5 JljuuS^ 4>^Lv cI/ULm^A^ JljJ 

Cw* '^b ^J^ , cu-.JA^ Ij 

• *^4^ ^ ^ fc ^»V»< t'fj^t^ j I 6 ^ ***• -" I L/ -A V* *. I 

j I <. " <■« « I O’j La£ Lk jpi (_5 Ij^ ^ b* 


h^ d^ 1 , ,) , 

■ 2 ;; 5 ?+ 2 '"“M'''"='-^" 


(n-f) 


t> Jaju Ife t Oi^b iS ji^^^\*Jt . =r fcjm j'^ ^ 

€ ^ - ftj-a ><■ ll/ * di^Mi I dram.w>^ ^ l5 ^ ^ 3 O*^ ^ 

• >.i iww l^ Lf ^ f iJlO L * 44 IjL>«A f ^ 

tXJb V *^ ^^^ O ^ ^ ^ >* L 


+ (i"-?')«« = 0 (vo-r) 

• ^n(i OO) — 0 j*i aS = 2f)7£„fh^ L 

J ^ ^^aAo ^ ^ f |fc|j JiS U^l^IlJ I A^^>J 

{ Y^i^“'f } 1 \ i V wfc ^ ft IjVuMa {Sy^^ (>5^^.55^J * OsS 

t Ol/^*w ^SLi^ *j^ ^ j fS 0.2L; 

15^4^< ,J,tf<»jl^^>i lO^ jIa* oijLalU ( Y'i^'f ) i-b*' u*^J 

iJSiwd^ ^ O^ I L^ i* » O^iiiM ^ A Am iSj ^ ^ I A Am aH^IjLw 


^=G(0//(<') (r^-f) 

1^1 ‘^jj< U (Z'jbij aS VmmI ,yA{b (5((^) ijTjA tS AjIa A^j 

Lj . V j '^y^is* AA^b ,^^La>a •>7'I>> G(^) ^b , c*«l i5_^ H(^) i 

y ^' A Aj< C *'X^ Xomw a Am ^ ^ > ft ^ A b‘'" 2 Ia^ A A aJ A lju j b^^ 

^jy^^. 'j ( r<y-f >^> j\ji ((^ I _ oo) i 



laJb jSjt Lm^ 


d^ilf 


• Q ^ J ^ %2lpwj LuC «Xi^ I^_^A»uma o5l/ ^ I A^ ^ ^ ^ j ^ y ^ ^ 

L^‘wJ \>>' cs*x ^!ks^. >?^ 5 j*» v'y?" 

^ ^ i tA i l i f ^ ^ ^ t ? ^ > V "i L . ^ . ' * ^ ‘ u ‘ ^ ( T ^ (J-< 

^ ^ 'f'6—f ) O^ J*^ j^*-i ij/ — e 




(t-) 


W(^) = 0 


(rv-r) 


^(^) ^ L?®* *-^A*wl J j *w ^ ^ aJ jLm ^ y Y—^ J aJ jLa* 

iSj^ 


H = laji> 

;=o 


(TA-r) 


aJa^ j-ft jl ^ aJ^aLm ^ YA'^f ) ^ 

^r <dwl ^ 


f.iU - 1)0,(^-‘ - 2(fja,e-‘ + (- - l) I o,i‘ = 0 

J-2 j= I VOC / ^ = 0 


(jl»M ^ > 1^ j^ ^ 4, '* . > ^ L < L 


J.2 + [^-(1 +2j) aj^^J = Q (r^l-f) 


.1 [U + 1)0 + 2)a 


jl |il ^ ?v'‘ *'' (3*^1^ i f cs^>< (V 

'j jiij aJjI*. (>f'^ j » ajI 5I Jjj- 


|' 0»-(] +2y) 1 
' 0+1)0+ 2) 


(Y^-Y) 


aJjLm . CU-.J4l^ (TY—f )c5^J^ ' ®0 *S^J< L( 





)rr 


« d ^ I t A m I ^ Qq V m l_^-^ 'T^ ^ Ltl/ ^ 1^1^ ) 

V — 2^ y = 0 i5^>i ‘ 


fli =- 


(2» - 1 


-]a, 


3 


<^4 


-[a»-5] [(A»-5][(/l»- 1] 


12 


aj = 


12 


JSL:^ ^ l5^ 


= ^0 


, ((W-l).2 . {(2Ja)-5)(A»-l),, 

^ ^ m(2) ^ 


(n-f) 


t5^ ‘ jl^ fli tflj-f _^l . ^1^1 


r/oddp^ . r. ((^-/“) - 3) ,3 . ii^nM - 3)((2,/a) - 7) ,5 
H «)-«.[{ - 1 - { +--« 

, jijIlJjtL*** 33^*^ iSj^3'^ 3 ‘ ■ ““ * * * 4lj^«i ^1 j Qq 03^ • 

4^1^-^ ^Jy4> . C—.1 /^general(0 = //‘''*"C^) J jU« ^y*y*^ v'>?" 

;l C*«,l c-jLf^ (T6—f } Af'ijj-i JjIju 

K..UO - + //^,(0] (f r - f) 

. <■;«*«i XJci jl J 

^ |^|r ^ iZ^t0 ^ O^ ^ O ^ a CUawI 6 jyiJb ^ 4 &^lxhv L«j 

>S^ , . ^^(5*- t5>^ jj -^Cr-j-* 

' • *■*» * ■ t (^1= cuiSj- U JilA»- (5^ ^ 5 jyj t5^ ^ UI >1 

^ t5^X ‘ * - ? *tf ” *- ' tJ^ * »H 

if/ = e~^^^^i/(0 ~ ^ 00 

l{|-*co 

. Ou«l Cw^X^ 3 ».:Uwl l^^3 ^-■ i» r j«i ij/ 4^ ^'^’•f~ ' 3 




(fT-f) 





,rr 


—t ) V o>^^ 

- = 2« + I (« =0, 1,2,,..) 

ct 

3 o„^2 *Ub ^®—f) (j “ -‘ "^ j 4 *-l*iL»* • >i-iL n jS^ . {jT"jj< 

jf ^ a "w iM-»lj Vi^lj^ f ii:^I j J jAtO L |k Ia2 

*P = e'~‘^^^^(H„{ ^ j'jrjj +//‘^'’( t5>~ )) 

■ ‘ y ‘ is^yi* 'T'^>?’*-i ( '^j*) oy^ • 

n = 0 ‘ (j"^) 0 { ^j) 

d f hXi«^Jv^^4 ^ ^ ^ Ip^^L/ aS € f A My Im 

j A.J.C li. ‘> U ' «»^AOp; j (J I <Sjj^ Lia 1 ^ ^ <M w i 1» « ^lalS • ^ 

1^ Cm< J&f J.( U [^..Af b 4 j XSL }_J(x = 2/7 + 1 fj^3 ^5lJif Jai* t ^ -^nj" i 

<sK-^jj^^iS^j< a 3 2„ 4 jlii-l L . JjjT 

K 2e„ 

— = — = 2/7 + 1 

a fio) 


L 

e„=/iaj(n + i) (n = 0, 1, 2,...) (ff-f) 

J£i4^ l^^b . 4,;jl j >iyy3 

g-<^/2 Oy^' ‘^^5* ‘ ^ lu i.sl4JA;>- Ai^ I>5,f H„iO 

(f o—t ) I^\j^ . jjl J 77^I>^4^ ■■' i ^ * ’■^***'^ is^3j 

J I Jj ^jM j^iLi ., 0 »/t/ * “ -* b 4 A^ fl] 3 Oq iS f^^^3 



(-1)"/"//! 

[H! 


(ciJj «) 


J 





}rf 


' [i(« -1)]! 


(«) 


j I J1 .ixJ. 05 *ajA ^l«_Lk^ ^Ii(0 ‘ ^ 

j\^jLj: J_,l 


Mo = \ 

H 2 = -2 + 4^2 

//4= 12-48^2 ^ ]g^4 


^1 =2^ 

//3 = - 12 ^ + 8^3 

//j = 120^ - 160^'* + 32^* 


(f^-f) 






^„(a:) = N„ e-’^^l^H„{Jaix), ( uJ| ^y-f) 



(vfY-f) 


Jjl j ^b jjL>- 


/a\ 1/4 

^o=(-) ^-"^^^[1] (eo = iM 

“ (^)"V^ <^-“’'^[2v/«*] (e. = 1*0;) 

/r 

^2 = ^g e “'/2[4ax2 - 2] (£2 = ifio)) 




. JL> 1 6 Jimil I «X>- A ^ 

^**<1 ( U»* *-IUj JJ ^ j aS (.^ ^1^ >' V f ^ *'‘**tf ‘ 0«i ^ 

aS r £q = -^tio) ‘ j' a— ^ ^ ij (.;i*jb j»i • 







^ I ^ lJ^ ^ J ^ 


^ -* ij^-rff/ I 3 *^ ^ t—-fcW ^ VairiW LC 

■ LI? ^J«MMn^ Lu^ 6 L^ oS 


j^L^ *>jj u»ly>— 1 ) 


ItfJLa.^ Jfci.L>- ^3^ ^ I 6 ^ I, bB iMtf ^ L f Ia Lfcf Cl^ Ly^i* Liha 


« = 0 «' 

(r) H,(i)=(-ire<‘^(e-‘‘) 

(V) //,„«)-2i//,({) + 2n//,..(a=0 (f^-T) 

(f) «.'(«-2n «,_,({) 

(iS) H,‘{0 = 4n(n~ l)-tf,_ 2 «). 






sLkC < 


<^\^\ fi«> =1 «/'«*W-*^i,(-*) 

= '-j<i>j^((y;uo‘ii 





t \/^.._ ^n-l 1 

^N„ N,_x 2 N„+i 


^(1-1 


^-'■^ 2 N„+x 




n + l 


(Al-f) 


I 


3- Rodrigues 





xi Afttlyv (^o— f) j-i ( ^ f ) jjI jjIjS Lf 


<e.UIO =^;/^,V... </{ + ^/^.V,.. 


\J / 1 '*'Tivj /-^m,n+l 


«-l y/a 






<...! 1.) ( 2<x ) -[i;^J {^‘i'r-’f. 


4|fl^ 5i jiUi 


/ 0 yr 0 0 

/ ft u/jj'/i On/2 0 

0 V2 0 v/3 

0 0 V3 0 




J I ■! ■■ ^ Ij irfl to L^£ <S A ^ ^ A I 

tl-JL^ A^ , J J A-^ (^IajJ Ja,i«y;« UW^-K^ I <6„| = 0 

j T>*^^ ^ 1^ <3^***^ { ^ ) A ^ <». S ^ « Omv 1 ^ 1^ j ^ ^ * Lw^ 

»■ ^-■rr' ^ jA^ i,"ftilLjN^^ib A»ii ** ISl^ Ai^ JUb«^^j|dO [^^««« » JL^S’^mO 

jU^I J j l—i j ^jLJu a fM >l>%< • ^/^)jf = 0 *< 3 * * *ir ' (a — Y 



irv 




Q i.£^tSL( j J J j ^ ’ '* * ““■• ' • ’ ^(>=f ^P X^ 

■ |ftA«^LiL4^l < 1^1^ V' 3 7 c5JLll^ j i ^ iO 

^ L>* ^1^1/ lS p^ * ^ (1^0 ^UxaJ ^ ifLibt w !■ L 

•<t\ = <v\^^e„ ^yi^^<r+K>=<jrx=fi,o>^L.'-<n. = <K>, 

(Sfje^t5* O*^ ^ 


<T\ = ^<P^>n = K = + i) 


3 


<y\ = = K = i#ia>(/! + i) 

Jl.'fc>l^^^ (^>i I » V • > (^l* ^,fiut^ » *‘ <;f I* *Xft bu ^ ^ I t" >» I L 

A/'a = [<p^\ - Kpy^Y^^ = [{n + \)hm03f‘^ 


3 


= [<y\ - <xy„y^^ - [in + 

jt cuy,l ojL^ dJU- n j*^ ^v^ *J-«L>' O^ 


^Pn = in + i)fi 


(6f-f) 


i Jl: 5^«^L^I ». " .<^ «k5 |k^ J-ol tSj^^j\*Ai jj eS 

j-S\ . J-oL»- in = 0)*^!^ oJU C**J ‘ ■^>1 

^J3^ Oif* ‘ ■^\ 5 * j*^ Ap„ Ax„ = nh (6f—f) i^w ..^ tSj^* 

• d>kJl>- jJ d i^ii «l^t 1*'^ (3^^ 


<JWf-ljA t^bSdbf J ^JtS^rt' ^ '^jU J*^ ci*^ * 

J. Marion, "Classical Dynamics of Particles" 2nd ed. 
Academic Press, New York,1970 


• •A,fci 5 Ajw- ^j» 1 o—f jV—T !-«•*-( Irf 





ii> Lw ^ U ^ l^^iJ L> j j o Ij Im ^ M ^ Y 

i^ ^ dJ ^ i j k w L ALAiW ^ *1^ ^ Iw* 1*^ A I L^ Li^/ ll^ dti^W ^ 

% V i. ' jiM ft U I 4 ^ ^ ^ t l’^ TL^ i Ijj ^^ta^lAiO A ^^^ C^ yyb> ^ A C)"^ 

jNi) d—^^1 ciJU- j^\ i>-l L . (^xy — 0 J </>> = 0 (*Tfj^'^ 4~'^j (“^ 5 

**-^tf"3*-i o^ ^ li^n .. ^ J J dJU- I-Sw ( / = /jj = Q 


0=/ G(x, x\ t)H>(x')dx' 


(<5<i-'f) 


4 ( fy-f)^{ff-f). L, .*"aa^jjLL:i;l"^T^j tS . 

^1 ci.4^1 O^ 


C(x, x', 0 = z *lf*(x')il/„ix) exp 

fi—o n 


= (^)" Jo ( 2 ^ 1 ) «p[- + ^'^)]".(v/«) 

• fin{\/ax') exp[~ I(n + ^)( 0 t] 


4 Aiib «ij liliJ I4J tJ>< j” ' ( jjpi L>^ l^joaLf 1^ ^jpj (/I -|- 0|ii > «« e> A O |j t V. « _ < 

I jj. cu«l Tgj,,j = 2Tij(i) *^5*^ 

V-i*i/^* f> t t ^ ^ * T*.!" ' ^ ^ 1^* i * I r Tg Iqjj ^ Iaj V " w j I j 

?^ t . ‘**'^^ >.^^1x1 '•^ exp[i(/i + i)27i] = — 1 

(3*^ ^ JIjSlljl (J-^li ^ Oi«^Lc 

. i^Lw^ (j) L lib^ta^AOJbLbLft 1 ^ jj j^|2 Jlj£i;l 

eS o^ j Lm j 1 4 j Liiam I L< \j ^py) ^xy o (_gi ^ ■ii. ' is^ 

j 11^ !L" j Ljk£ 


C/(x, X 




' ,» r 'ntti 1 ( imw ,, , , ^ 

“p|2intoir,‘<'+^ >'““'- 



iJ^ ^ J ^ ^ Cm*^ 


in 


djx} <[J^. :?]> 

dt ih 


d<P> <[J^. p]> 

dt ih 


[^ p y t iSj^^ ^ O^ * — (P^f2m) + l^T jj *5^ uu« ja^ 

jLm W • J'^ ‘ * ? • 




1 

2mift 


<[^'^ :2]> = 


1 

2mih 


<iPP^ - ^PP)} 


i&P-f] 


3 


^<P> 

dt 


mw 


<[^^ P]> 


mo}^ 

~m 




(av-f) 


li*il J ^^1^ ( j^p = 1^1 + p^ j_jJI^ U 


m = mp=iihi + p^t)p 

= ihp + pm 

= ihp + Piihl + pit) = 2ihp + ppst 

c^:P\s* 


pU = lihit + nap 


xs, Aifel^ — f) j (iif —f ) '^jy^ j'^ 


d<xy <p> 
dt m 


d<p> 

dt 


— mco^<x) 


j i^jit aJ ji Tj < “ I ■ III < aJ j 1Ly 


— </»> == -a)^<j>} 3 ^ <^> = 




</»> = </»>0 cos(a)/ + (pp) 


{6A-f) 





)fo 


<JC> = <x >0 cos(aj/ + 0J {^ i f) 

^ t j Ll^ I r I ti^ Lsbtt f < *' im I *i*> 9 L L^ < d**w A-/ 

ClJ L^ A^ ^ J Lo ^ ■ f « ^ l *A ^ L^LmI ^ ^ ^ 1^ 

' ^pyo ~ ^-^^0 ” ® O"**^ ^ jl%i • j.*tL^ ciJL>' 

. aijj Ljja (js L jkja Lj ^py ^ (^xy aS aXift o ^ () ^ (^ ^ 

* ^ ■ J 4:i*»<i<l3 -^class 3 PcUm ^ (jc> 3(.Py ^ ^ Cl-j^a-fcl ^L>- 

f L^ ^ I U d^ Luw^^ ^ ^ ^ At ^ L^ I 4 ^ L> J 

• ft f ^ 3 a„r L^ ^^Sb f Jw ^ ^ ^ |>i w*i|jywf oS ^ tft 

A I^AJb L^ aS ^^1! Im jjC^^ I c •ilfci Lmm Y j'^ aS 

• *AJ^ ^ ^ ^ J ^ Lrf U lyaHJ ^thS ^ {,S^3 

trij^ uS^ljjJ jJ j^LmJJ Ui-- K 

jl JaJu t-S^lS* tS CK^ J*^ 

A-^ ^ ****^ iiii ; aJ^ma^jA^ Lw Lw I 1 ^ * 4 Lft ^ i ‘* «i n » ^ ^^<6J J ^ ^^ ii * 15^ 

^\my (^IajIaa* ^ * '^y“iS‘ 1^* *" 0*< 

. ^j_5\y» CUwJt- ( 51 a iq " >p^ \S^3^ OJ'^ U *sf ^ J*^ ^ iJ^J^ ^ j>a[l£ J 

aJjLm ^5lA>jl,\i» 

■^'”^"{ls'^5"'“"-*i i''>“'"i''> (^°-’f) 

, -iijj^ I sii^^ ^J-^ [^, p] = ihl t5 ti *" ** o^ ^ 

AJ IS!^ ^ A.rfCi ^ ■ J La^ ^2J j j AltA IS ^5 Ltt j S ia C 



«Xw « v < h ^ J ^ *w< “* ~^J-i aS 1 j 


Jp I ff > = /iQj(/'^ + :«'^) I /T> = e„ I «> 



^ ^ cSj ^j^ L**^ ^ f ^-..* 


)f) 


^ = hiM{{k' - ip'){^' + ;^') - i\SC, P']} {f'\-f) 

Ijj'^j-^ (jLftAlojy. ^T il,j> C*«l « ■ > ■ •• *■■■ _ ■ • ' J 

^1 L1.MM 1 Ia£ ^ 1^ L> 







jtLc 

fj^^' + iP' (^Ifr-f) 

ff^=r-ip' (v^r-f) 

xi aaI^ I^T (y 1—f} U 


^=fiw(/;r+i) (^t-t) 

*^*—'1^ 3 ^ 0 O^y'LS* * ^ = f}^ fj 

^ j'^ fi^ 

ts il«^ ^ ^3^' [P, = I '■5^' Lft^jfi;* ^1 

‘i—^*-f "^y^S Cw^ ^ iS^3 ‘ ’ ^^'’“ ‘‘ u ' x*^**^^ * ■ ? »« , - * «■" j*^ 3 (ff^ ^ i)) « " ‘ “ij’ 

• o-Ja- Ij e„ 

aJo Lm C mw I ^ 'f ) <,yy*"^^ ^ tS ^ ^ *XJ 3 A:(|^ 1.5^X 

(^jIajU djifJ 

(^1 ■ . at jtaju i^3 iS ■ Wm i O i ^ j j^ cS'j " . J u *X5 <-»j»o j/^y 1 . 5 • ^ i- * ^ 0 

dJi|A*v^d^ i^..jT 


€„ = ficu(./V„ + i) 


(ff-f) 





{— f ) kSii fj o-^'-^j—L; - n = ) '^ ' • ' • • o^j-^ N„ = n< is^ ' 

i^^lj jk^t^ 

^f)\i> = mm'i>=N,ii\n^ 

i3>* ' f\f\^ = \ + ft^fl 4 


{I+^’(;M|n>=//,^h> 


J'>MI"» = (A'.-1)M|/I» 




(f-y-f) 


Nfi 1 Lf j I JjLoA^^ fiS AAia ^^J J'^ 

I *Xf ip^^ A^ 1^ ^^ f L ''I ^ I -Vft-A 

1^ ^ I A^i^^ L^ii> li V'vb ^ I ^ ^—**</1 V*i> L I aJI^J> t A^ *_' » 

< I e «*JW ^ kXi L 


/?|/ 7 > = C,-|«-*]> 

^>«juft J^< v* i w I • <. ** *mJ ^ hiwLw b ^ 

))’|n> = C/|«+l> 


viy^l j iS^J^ J*^ ftia^l j 




<nWf}\'ty=\C„~\\n-}\n-iy 

<n\f}\ny^N„=\C„-\^ 


(vJjIfA-t) 


<'»l^^"l«> = |C'/(\/7+ l|fl + 1> 
</j|l +J9|/,> = 1 +JV„= |C/|^ 




(*1— ^y—* ^ Itf) *a;j^T^^l^,^LjLLcv_-^jS4-jjt ^ rj t^Uj ^ c « 





iSj J j J rtJ^mO 


' ( 5 —^ ^' L * '**^ A<L< ^>,^lJ-L^ I N„ >0 *-?'s?^ ( ?A —f j* 

* 7'-‘*' *^U^ ChJL>4_^j CW-PlIX"^ tSjJ uU^ ■ 'i-iL' 41^1^ ' "^"mln 

j ^ < ij < ^L>wI ^c 

^ I ^min) = ^Brnln I W “- 1) = 0 

< ^ (-iJI ^A“f ) j ^^Ji J ^ 4 jLki*. I L{ t L 

^ I ^min) = (^"mln)*^^ 1 n — 1) = 0 

tSj^ ^ ^ lS 1 ^ • 1 * 4 ■ ATji ^ = 0 ^if ‘ “ ^ 4 . n^ I 4S Lj ij L0 <AJ 1 ^ j ^ ^j 

4 iXw ^ v ‘' < 1, ^ 1 «X£ i cS^ J I Lf ^ 4S 

3 I CU-l I 1-1^J IjlX l_a^ iS 4^,;^ ^ f- 9'—f ) j ^ = W;^ ^ Lj • Lf 

e„=hco(n + i) in = 0, ],2, ...) 

. CU-.I ; 3 »l^ L 4S 

J C„'~J*^ ( V^A—f) j (*-^1 f A—f )j'0>^'^ii 

tSX^^ J lsV*^ j = (fj + 1)^/^ 

l«-l> = 4=^l«> (^^-f) 

y/n 

} 

l^ + ^> = („+\)i/3 ^'l^> (Yo-r) 


*j—lij ^U:: « Jbi cs^ i>*** V- 

«. cu*««44.j j jl 4«^l a” >i»lly 

11) = il/y/\)fj*\0'} c-JU-jl 4:i»«^l^ cuJU- ^>J_3l 

‘ vlr“^^ n • joy iSyj n JU-el L < ja^ 

tr^ 




(Yt-r) 



jju iSL citLj (St f 




jl a j L . t" ..^l L , 4^Uv» \j <W7| ^Lc < i-i-Jv ^J^SJ-.IS’ 

y^jyob^^ flU-:j^T|j^L ^ aojj^^l^ (jLftij ^ l a c i_.«.<L»-j^ jf L e < 

% = (2/j/ma))’''^jJ' = {IhlmuiY’^iff + /?)/2 

J-l ^Llc j < 


<ni I«I «> = K2ft/ma>)' [<m I I .»> + </« I ^ I «>] 

= K2ft/"i<u)'''^[(/i + I)’''^<m|n + 1> + yjn<^m\n— 1>] 


1 




</7 + 1 |j?|n> = 


(n + \)h Vi^ 

Imoi J 


in ~ \ \k\n') = 


nh 

2mo) 



3 


c ^ lisfc* ^ ^ ^ bu L T ^ aS 

* ^ ^ ^ J ^ 1 A Omw il)^ ^ J a C 

^ ^ daUM I ^ bri^ ^^AJht < dw I J A I?I|<IA> J I jpA aS* 

• JlAL^ A**^ I 4 A|^^" (^I ft a n *.>>4 


‘P (hfi)dldx 3 X <|/t) -» rj/^ Lg*^ ~ * * ** 

JJ-ia- (Yo— f) 3 (^^_f)jj tS^^L ^ 


= {( 1 ^)'" ■" '( 2 ^)’'' r^)'^“ “ '^"'^”- 


(YT-T) 





ir<3 




= (« + i)^'V«+i 


(vr-f) 


» r * 11>' ^ Lj (S J aJ Jlju I JjI aJ JLiu j J n =00 *^^'^J ^ V \y* j 

* 4-1^ 


1 

(2^ 




lojL^ tS c--.JA^ Ij 


1/4 

= 1-1 




>1A 'f A“T ) U b aSi^ Cam! AJkM L^li W* ! >1 {Sj3^ 't^j^ 

>i—cuJl> . c««l ^;Li^ is^y* i-S^ISk* A. ^i « L{ U A> » j‘ :; «S 

aJjIm jl • >^3—i **UNrl (YT—f) aJjU» jJ n = 0 ^ 




1 

(2a)>/^ 


^1 = 





1. 


.i-A Aijbsi^ (5L(_A(b . .Ajij d^Ua* \5~4^ 

« ^ <>^*Sa^ 

4 < IL^ IS A^ ^ aS '^JL^ «Am (_C i V iA^ ^_c4^iLwi 


J %i , %v jI ^~i|jA i> I (S a<m> ^jy* j'^ ■■* l^»i**^ ^1^ b-! aS 

. ^ ^ «_jylaM A . a ^a^ jJ l ^ . ,fI j l Jif La aJ^^a^ Ij A—*6 

■^jj »j'i *i * *»K^ < ij^y 11 “’yj L«L«l '\|f Ai b ^ Alt Ciy^ 

* (tj^‘^*-w)A *j •^>*i tsLj^U- 



JO- cS, jj 


Iff 




b( I ® —f) (J—^ j'^ l5'*-4 iSjj vii'lj j jl ftSijjLs l“-f 

» I 

^ aJ L sj aJ>A Ajlf IkX«v <1 ^1 f C ^ L/^ L Vw«^ aS ^ I* 

■ Olpt q it>^ A «A IO 

A-J jL« j j j>4-c '>rv>^( f^O ^ 1 »)o \ i E‘4. Vq O^^) V—'f 

• * ^ ' * ‘«>^ ^ ^ g~2Ka JSi ( 1 ®—Y ) 

JjW^ (^L* jl A.«^a^ iS^ lS^X J>^® ( V ) 

b N 1^ aS ^^Ulj I ^Iki* t*i4 S'U *■■«>*<' ( 1 1“^ 


^ ~ exp 


(-21X, a,) 


^ [2m(^o,-£)] 

X,-- 


1/2 


Lf &JLt 1 OLW i« ^ 1^* th ^ ^ ( 1^ ) 


^~«p(-2fj‘ i^'"<^(;> - ^>J‘" j.) 

. jlj « . V ‘ » " »«.o fl > ^ ^ T—CUiiSjLf Ja liL^ X 2 } •Xnj"^ J*^ 

. ( i-jjl kSj'I ^ 1>!^ JA.y tS^X 

■ A ^ ^ ^ l ^ ***A j ki A kXw A k^ Ik^ ^ A kt ij b^ A ^ |k *■* ki1^A.J 1^ Y““Y 

. kV^ ^ ‘i-i U E = ^Vq (J^J b ( 1 T —f J^) t5 * ^* ** (Jtf*^ ^ *-^ (kS ^X iS*^-2^ 

*>f*» 1>N« <Xf£, L £ < t ( ) f—f ) Jki AJ 1?^ kA Xjm i.S|; ^ 51 Ij bj L< ti^_^ 'f 

• 

‘ (J^*-< l5jj i.i»lj3 jl A^ii^U i-S^ l5^X 'j ViiX® ^ 

Jki J jISa.^ ( S' ^ ®— f ) *>J*il«* • Ij) • *’■'—‘ V = A5(x) 

jl_,—5 . VgO = A — const ‘ L’ ^ 0 ^ ts^b- 

( Fq -*> 00 3 fl-»-0 










JI^A 




1^0 


^=0 <7 2o 3o 

If-f JSi 


O.J*^ 4-w ‘W j^ «S ijUj^ i^\j^ (^L^lj£i;l Lf (ijJI) Y—'P 


0 -hfJ 


Jjl J j^j3 


<x\ = ifl 



2Tt2n^ 


<P\ = 0 
<p’>. = ^ »= 

fl 


(n = l,2,...) 


j l»i—ii* • ^Lo n jt!'^ ^ (* <J ^ 4 ^ *5 *^ifA j Lw ^ Vi^ ^ 

"i cu-,1 j.4iy f n = 1 • cJU- jj Ap„ Ax„ 

—W" 'i S L *^j 1^ ^** "V* 'i o ^ * [^, Pjf] = /ftt j ^ * '^ ^ ^ A—f 

, ijSL^aIj ) ClMrl ^JT L ( Pj^ — —J}^ » 

• ^ driww I ^ ft lifc*** 4 I* fi 1*1^ ^ L fi 

4$ o^ [^1 Px] — I'flf ^ja^ U 3^ ^ ^^ ^ ” *** ^ ^ 


IP. , = - ifi n ^'' ^ [je, = /A /i^/- ^ 

{• f(i)]=- mdPm 3 It. G(fi,)] = i)i(jG/dp., ■ j3^ j>*,) 

ij^*< (jjj ~ (1—f) * K m.« ^ 1 *“'P 


*Sj ^ I* ^ 






JiL- 


= ih ^ - onrj = ift(2f -n9) 
vWv' (£^(» loJU- »JS^ tslj^ *5 


d<xp:,y 

dt 


= ^<W.,->h> = o 


^cs'^ 

15-**^’/ 


2<T’> =/i<F> ijit^j~e^ 

CLrfrtlw 1 <1^ 


‘ (n = 2) j^Lxy i5*x 

. A^b 




II 

S/ 

J- J 

J A- S (5 

i5lj—< 15 I— 

*.^3 3 1— *}-t!3 




>jl j j^jiV = ^mo}^ (x^ — 2bx) 


tj—^ y‘ ‘U*^ C/if' 3 

*~tf * V ~ Lx^ .'iyt \j j» Lb L Ij 

{\pS 

L Ij iS^ A,jl^ «^l>- tSj^l ^ Y—T 


1 ,.2 
£ = -T — h -moj^Ax^ 
2m 2 




iskf |i Jk£ Jl>OA^ j 


ApAx~^h 


• *V^ 

4^1^ cJU-,5jjjl )X—f 


(w = 9 X 10 gm) 

1^0 ~ 10 eV 1.6 X 10"“ erg t 5 *i*<*^ *1^ <^j'^ ^^3 

. .x^ A^Uxb Ij ® = 10 ~® cm 

*J-n^3 • *i—= I 3 Up^J^ A iSi jJl lii.(b ^ Y—T 

**^>“45* (AjJJ** /}^ := J {j^y^3 U j ^ Ut iSg . +1 jjTj_5lftjlAS4 





^ ^ P /2/W ( '^) *^ljTdj.i J ^ —f 

■ Aj I I 

«i IJ T dj I A ft lm*< > ^ aS ^ Lwj ^ ^ ^ aJ i3 Lm j I a ^ li*x*>» I L/ ^ ^.ftj IJ 

G(x, x', f, Jo) = I*' g-ip^tl 2 mh^ipxih 

—00 ( 27 rfi) 

. jyi z = t — Iq ^x = X ~ x' oL*^ 

tS >\fA J _j ( V ) 

G(Jr, t) = F-^l 
L27 i/AtJ 

j' 5 Ij Lfcj . ^LiftljJ 

J «■“*<*/ = ^ 71 .) 

” CO 

^ A 1^ l<*>Lhw ^ 

^ I j iitw jAi^ aS ^jI*J li>' J ki IJ A J “ 0 aJolp^J j AbS ^jP ^ ^ J 

* ^ 1 ; J Ld^*** I — 0 aI t U k J j aS AJ>^I/ » kij ^ J ^ ^ ^ 

A^ »\|f ft ^ ^ Lum ^ ^ ^ A-J ^>4 A -MiW I L^ ■ k^kM L^^kl ^ L/ 

« A A”*i* ; L*J 
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ft I l^dL; • ^ 4 ^JuIJAm ^ 

* Ju« AA*V|fO ^ iS^ ^^3^ '^J ^ ^ J^ ^ ^ 

^ !*>• ^L* IS* ^ * ^3^ ^ ^ 0 ^ ija ^ Lw o I AjO 4 4 «^£ 1# i ^ 

• J^LrfC^ I Ou^ U d*Mf I 

jj Lil f ( /a i *JaiU^ Y d< \A i * <cS ^ 

• ^y^fjft <iIa£I [^Jtti^ ^ *2k^*i j«i . CUwl I* 

1 . f 1 Lc Jl<I ^ Am» j«i ^Iji 1^ i-Sjj •"^ ^ ’* ~ ^ 

^jl J * 1 * «<«»• j*^ aS^ jl «jl^^ ^ 3 ■ ^ <*< ' ' ■ j^Af 

'^ 9 *^ J—^*^ /< ^ •^■ ’ ■■■ V ' 'i^A^ j x^** *** jSsjJ V>A^l^ a^ 3 0»<^xl-i^ • 

jJ ^ J .I II <ua|fS^^A « Aj^LaA. ; « jifi i Wi <A^ If ^^3 A "n >«^j^jL>wiACU*i(lj • ■A " tiii ^^ w 

v5f ‘ O^ Ai-^ ^jiS C^ir^ 

^3 .iiM t •AjS •iLfif I Jk^JL^ j" ^IaaIam««A >aIju^ ^Aaij *3*^3 Alw«A 

•A**^ «Aik J'^ ^ K f jO >"«w^ A«Ad£ •A^^Jy^ A “ «■■> J aS^A^I "A y A ii««<nA 

, iAm «AaI^^ Cf^3J 


■ V» ^.A— ^ ^ U ^ A g JnS lw»» J *y J*> ^ 1S<A I aS ^ A^urt l 



^ J f * (Slo ^ ^ 

jJ ^jl^iiio rt l^amrt— ^ 

J?|e,> = E,|£,> ^ j _ ^ V' + K(r)J,#.,.(r) = e, #,(,) ( 1 - 4 ) 

() — ^ ^ aJ »iL«« . ijitM) i rt» L^ AJ*. < UL > « j l>i Li-J aS^ 

j'^ Oj ? * * )/^j(r) O ^ ^ «‘‘<iii I cir I a“i I* 0 L aJi^Ljm 

aS jj 5 > > » ' ^ r Ij i^W-i^yi' (^l^-sJU- L U^l 

Ut) = <’10:7^0 

C4««(l ^ • •.!**</1 bbj|Aj^ crjj jyij* aJjL*« tS^>< <—LTiJ '"^ 

d* L rt* * *> ^» | l ^ lj|< *)> f * f aS L * " «III ^ ^^^5kA4 l|f ( ^U>wl CI^ I * n , " 

Ai S ’Xgti ^ ij i ft i t |i ^ (^Iaj^j * !I K I (|f iSyj^ vi< I ^" 1 . *^ < (J li<o 1^ j ,cA^^ kSj^ 

A^ j u jy i * J^A^ ^Jjf*^ ^i ^ i*SjC> j«i aS* ^JI<l ^ l■ *» ^^ |i “ iiii jf tM I <” '^jy 

A A A^ Ata£^A>^ O^ ^ CZ^ La>vum 4 A^Xt*^ CZm^OA^ j_C l^ » w f L* 

• jlIwL J«<Ia fjp jlS*i cLi L oTo Mt^tA aS|^-1sL itd • '■—*• ^JjlaI jj I* 

^ j o1i<Cii'>a) jijT Aj ^ 

< j J « j J ^ j J Ij > 1 ^X 0 b ^5 L>- JaJif c = Q ' ^ 5 ^ j ~ ‘ ^i f * ^ 

1 ^ (.Si^: K« j j 
JSu£a^ aJ^Lu 

^<l'.= = (T-4) 

(J^*^ ^ ’^Ij* «^ V *' ^V (jiu • '\f\5* J'^ 


^e(r) = ^(a:)n>')Z(2) 


(r-A) 



( jfjl Ajj 




(j—)>**• j*i k^l^ Ou* Ij 

^jljjl^L. vi^l oLaiii^jj (T—<i) z 3 y ‘ x 

04^1^ (T—<i)j*^ (T'—a) 


2m 


+ 2fz-^ + 2ry 


dx 


dy^ 


d^Z] 

^l = exrz 


1. 

/w"jy l^/^y 1^22^ 

(j^r dx^ r dy^ ‘^z dz^j ~ 


^ i^.*^ * ^”*^**' ^ ■ IrOk^ j I 

0^1^ ^fc*iiM4 


k^ = 2melh^ J*^ 
L} aJ Lm t *T*? *^^* 7 * J ^ j* ^ 

^ I t^hS^A aS L^ ^ a f ^ ^ OLAa ^ I ^3 j j ^ ly* 



• Atjj^ + = k^ = Imelh^ l^^T jj tS 

j'^ /t, J f^y * ^x { ^.iifcw aJ j::cu»-lj 

' ^ jl>xi:?jLj-c^3^<J«^lAjA^(5l^l^. ^^;^Arf> ^U- k = A:,i + A:,,] + A:, k 

A—^ jljT tj^ Ajifj j *3«fj ' Z ~ J y~ e^*y)' 

Kir) = Nfc e'*''e'»>V*'' = Ny,e'^ ( Jjl f-<i) 


e 


k ~ 


ft"|k|" 

2m 


5 


{ V 'f-^) 


a; 


Alw^ 


(J- ‘ *I< ' *^(5^ JW'-^~< jttj -H 0 = (l/27rA)’'* * 

<k I k'> = J K*(r)K-(r) ^ = S(k- k')//i^ 

iS^ jj ajIA:;»I Je-'( c5^A, f«'> - 

i Ntt= ify/ i^ *^45* j ui*jy ilw ^ j ^ *'> "? * 

• J It^ I Ij 1^ —♦■ 00 li^ >\,li>»J ^ 'i'l.flW L>^ Ai ^ S |f ^ j ^ (J**< 



■ v jc duw j ^ 




k ^^ ^ «i l*l ii» t L t ( ^_S p ^ j L ^1^^"1 **> y£f"^ 

Ai^lj iS (_5-l^^ j'^‘ {f^z s ky * kx jtf tf*" ) k '■^H~- 1 


|k| =(A:,UV+V)‘'"=^o 

*'^jSjdtf^ lAjlji,4^j 03"^ ' *^>“t5' (^—^) J*^ (5'^'^ 'iWv^*-{ >?^ 

*>^3 *-^ >#^ cA~#^ Oif^ LT^ 

J I^^Slli/1 ij^i; d<ilw^ t ‘* < B| i ^ < r ■ i jA^ • '^y^. 


Kij)= f a{k)^-^da^ 

■^|k|=*o 


(6-A) 


j «i ^ . -* Allij^ k J** ^0 tSjj 

^-■if I ^ —..;Ll^ • Jl7^aJ s^JL^a |iJbL^ l .. ^ i « i^k? ^^3 4—iS" •!J Ij (__• 

= h^kQ^/2mi<Sii/'^0^^ *^3 (^laojl L 


J: 


r 


1#^ J ^ if L^ ' 


(Y—ii) <5 c^ks* J^ 


3-*^ t5L-AA£^«^ 3 *-=-*^>f ? ' j'^ *Jis3 *^3*^ tS^->»f* 

* [0, Jp] = 0 = ^V2w) ^ 5 !^^ tS f^^J* A^LI- ^ 

iSyiJu »^y cSi( ^ 3 <S^j< '^y^ts* *- ? v ^ C>”^ 

<^3J P = (fi/i)V ^ ^3*^ O^ ^k iS^jy^ '^^^ 


h h 

r = - Ve‘"- = ftke*^ ' = hkilf^ 
i i 

^b t^y o^>* J 3 ^*< l/^^oi^i»- eS f^fj* a AaLi* j ti—lj jI 

L* t>%^ ^15 j^4-f jljT*j j jjSjISj . «ii-il jk — Ak 3 IAi« 4^1,3 b ^ 

. -SsS^ CI^^IaA ii(^ ^b Aj^jA^ \y 
(fY—T '^3)3^ *^jU^ AilS: ^b k^y (j-jbj tjy>^ 


Mr, I) = C"''*'''^Vk(r) = C-'*‘'/'‘g'^’^= g'(k-r-a,»,) 


(Y-A) 



((sjiZf Lozd^ y ^ (j ^ 


L ( k cuic 4 ^ jLl^l 


a> = ^ 

fi him 2m 


jj >il.*« J 


-^J* ^ ‘ X = Injk = hjp ik^lj jl . k = p/ft 3 

U ‘ajIS:: ,^1 j cu.! jKjU 

L*^4 l>iTjU aJ ^ LS^Oif*J:<-^ ‘ '^y»‘S Cw* ^ 


k Imk 2m~2m~2 

^ U-4< -Xg b • *" ■•■* - »* j 4 j ^ t { X T ^ 

C»^>^ j—JU^I b • vsU^** <^k (^Ltt«4j;^i»ii t—S jjjT 

cu^lj i^k 4< 


/A ftk 

- ^ v,Ak - ^k ^ .AkVk 

J = ^ ^kVk = Vrticl.^k 


(A-^) 


• ^ ^ 7 If ^ b f 

( 3 ■ i^‘» - *4—jL-i (31 Aj|(^4^ ( T~6 ) 4Jiiljl» JgfJUo jX 

• ^ '^yt * ^ j IS o jX Ij 4 J 0 Im I lji(j ^ ’Xm I jjb = N^ ^ 

JSuikij t A<i^jS V S,fSt” t5jjS iX> t <» . ‘‘ i. '* »* jX Ij 4 JjIm 

^*i«.(r, 9, ^) =ji{kr)Y^„,(e, <l>) 

j^L_x . 4^1 iS^(Sxa>Ua> <S^ y,„, 3 c 53 ^ J-- Ji o^j-^ ^ (^'^<j« ^z^\xA 

xx 3 ) ijWjb *xlSb 3 t5j^l i5b-*<b 0^3** 

• d*Mfi I ^froup “ dw/dk 



J 


<S^(Sa (5 




fi* == ft ^ I2m dJa^ljL* / 

^klntt (r, 0, 0) j 0k(jr>^r)^ 

qI- xA ^^IL . ( [t^ 't5^ ) -^•j'S’jL- t J P j^Ai 

*>^3 j’ iS^ A Aj^j jA j X iJ^.j-^ 

• *■ " * « > ^ I A;SJ I j A-' 1 ^ (^ ^ -. , 4 " ^5 b 


A,fM» A Aj j. ^ 


Je-^b^ A A^ Ij Aj>i A *XA • iS'^ A aU- a iS^j^ 

aJ^Im , jJ jjlj jl^ J^»J n ‘ ^" * “ * 


ft2 ^ 

- ^ = «/ 0,(r) 




jjTjj aJ j* 


K(r) = 0 < J 0<z^c cjU 

= 00 A*^ t5l*k“ 


«. r .« 1 1 ^ f !•> I tsbfcj^ j*J ^C^) aS^ ^ 8> < Y '■^i? (J * • 

5jL-Sj J.i A-^^1 tS AA 5 * j 1( ' ■ mjy A O'^yt ( 5 l|fln“M ii a 

^ > ’'*» 0 / = A!^(jc)y(^)Z(z) viJL>' JkJLiU « Jt:\(' 

^ lj4i AL^ 

X' = -k^^X, ¥• = -k/Y, Z" = -k^Z 

^b-;> jJ l^>«<b Ajtfj _|_ ^^2 _|. ^^2 _ ^2 _ 2 me/fi^ aS 

J ^m »A^ '^U J>+A -A-iyi J**® { OiM» I K= QOliiyw T tS'^ ^T j Jj aL^ 




sin k^x. 




/2\‘/2 

^"' Vcj ^ 


aS b 



<UJt» <JL J J 4 J j 


i^x — ■> ^y ~ L f -- 

o be 


( lo-C) 


/7j ^ riy t n^ *5ii^• ^x> ^yt ^z = 1 ‘ T ' V ‘ o O o J 


. / 8 \ '^^ . HjjTrx . n 

'''"""■ “.W sm —s,„- 


»7r>' . n.TTZ 
— sm —— 
b c 


(n-a) 


ii tsSjif »j,j j jj 


fi^ t , , 

~ 2m cV 


(u-a) 


t / Y 

• { ^' « ** ? * ^ d*** I V-.4M I I *• ^ ^ O^J iS <5^ 

'-Srf j_5iLi» ^jl>,;l>il L Oiff « 

ij^*t l*jl'iju 4j|jj ! Q — fj — ^ j^l « Jb* . JjJ J L^l 


"• 2ma- 


(n,2 + n/ + n,^) 


{)r-(^) 


(_5jj—jl dS•XJwMgAi! ) l^f ‘ ^x JL** ^(‘^if^fji* 4«i*Li* j<4 

aS ^L»- jj »ii-.l^T. v \ « ^ ^54 

I ft *v(•zJLsfcA*** < > " <■■» I U £] 11 ~ [A^7i^/2mfl^] (3^ tSjj^^ ^-f 11 ^ ^ oJl^ 

Ijl*——f* ^112 = ®121 ~ ®2ll = c5jj-'^ 4^2I1J^121‘^112 

«■ " < 1 C A^ . «XwLf ^.1 . ' .r J \/j OumI ^ I ' 

a. ; .m^Ij j *jt3 ^ ^'~ <^^112 + + y^2ii '*r^->^ ‘ 

oolfc^Aro.;:;-^ j^A< ‘ 0»«^(*^ • oJU- 

1^1-<-*<t: A^J . ^yi, *^>rf»^v 3tf*'* ‘^ 05*^ •^^>'(,5*' J ; 3tf*'* * " 4~'^0'^>< 

• [^, J?] ^ 0 ‘ " ‘" L '> a;!^; a^j i^Ia^a»- 

• d«<*<l jl^jLvb ajI^ 1^ ^ ^{f) \3iu^ j 0 ^ ^ * * L **'I* 





)^0 


jljT oljj ^4~^b 4^j L ^L:;* ^L a,b,c-*co jj lAii,iij,n,(r))^Vji{b 

(5/d-*> e*ic ^I^l ( \ jj j djJiL 




1 




gtkxXgikyygiktx _ 


1 


,»k -r 


(abcY^^ 

= -Le- 


< ,11^ 


(U-A) 


(1^-^ 'J U- iSij iS'^^ 


2] -*• I rfn, dny dn^ 

"*«y»i>0 ^pMlCiveni 




jttj ' () o—A) jl d^licul L 


r dn^ dn, rfn, = ^ f dk, dk, dk,^^ ( 

*^i^>.Jr_ Tl •'^j„ 


dk 


*X*vW* 

posilive 


potlllvc 


first octant 


= £5/ 

*^fcO¥tr 
all space 


0^-6) 




^ 4^ jVrft-/%(,)* 

^y£. 4^L>sa Jgj p{g) I h^k^flm = E 

(2mf‘^r 


p{e) = 


4n^h^ 




d^lyI L^ 

()Y-ia) 


j»i 1 | - w ^ b lijJSfjM i^L^I <S * jljT X 

. cimkI d^ {s^yfs^y* L< ««ijy«» j t « o 



ij'j-i £ ^ ( LSjy * j'i Cj^ir^ ^L^jJU >iljjL;) (j.;. ^ -^: : p(e) 

^>ij5l^ 4^b (S^^ 9 '^'^is^ jljTij j 

- ( 1 Y—A) jl tS'il,'; «*iU:u,l 


jjS^LootfiL f 


aS 4 ijj I .M i ^ ^ 4 ^ 3 ^ ^ ^ C ^ b»b* b 

• ^ '' <<1* b «^dw N^ ny l^ B ^ f »A M it Cl4 4 I ij til f ^ ^ A.^ ^*‘< jl<<i 4 6^4^ ^ 15[a ^ A,^ ^ T ^ *1... .*.^ I -^^l 

^1 vSiMol ij J «M ' f b^ 0*^^ iS^^ aJjIjU 


h^ 

2m 


f4 2 1 ^ . 

— V + 2 ^ 


+ J rnojy^y^ + ^ ( U - 6} 


J oj/ = Ky/m t (n^ = ^,/fn 

Ij j—rfj a_JjU»4-* cw* • '^jf^ij* ^jy^ ' ^^*‘' ' \}ii = X{x)Y{y)Z{z) 


^2 1 

_^Lr + im<,;,Vy = e,y 


h^ ] 

-Z' + - mw.^r^Z = £, Z 

2m 2 




tS*i—^ ‘-^-rf "^4*Oif'fij = fi* + + £* aS 

cd^ j —'.^\^^^ ( ^A—<i) *^3 3 4-»<b aj^ 3 . (fY—f '^j) >^4^T c^jA< 

V* *a**A • • 


i/'w,(x, y, z)-jr,, y,,Z,. - 1^ J [2"*+">-'-n,!n,!n,!. 

X exp[-i(«,x^ + oi,y^ + «. 2^)] «.,((»,)'”*) 
X J/J(a,)''V)//..((a,)''=z) 


( t'-6) 



JJU imt (S^ ^ 


jfr 


i 


~ {f^x + \)^^x + (^>> + \)hu)y + (fJ, + i)h(Jj^ 

(«,, n^, = 0, 1, 2, 3, ...) (To-A) 

On^ ci^Lil jj (jjGt QfjssXf jlL ^jlc 

o"^ j '^ • (-^jt ~ ^y ~ ^t) «.^ 1.^^ "^jy* * 


^n^ityx, — (^i* + + nj)hci) + ^hco (Y ) — 6) 

I Qij “^ I 

OjL-S’a-^ J^«^^001^^010‘^100cs4*^^ r Oy»,l ^ 000 *^ 

a 5 jj— j I 4 >—*“ ^ j-c^j-t ‘ n ~ rijc + fly + rtf O*^ *^ ‘ ^n j} 

tr^ ‘ n ^ {Sjy^^ ^ V^l>«lLjl fjJUAjyfS j y> lil< » JtXftftnw 


r' «J^-K iS^^ir^ = i(n -I- J)(n + 2) 


(Tr-<i) 


jl {V ~ iK{x^ 4-^^ + z^) = jS;Ly 

jyt^ oLalij-^ jj 3JOd^ 3 J'^ 3J^} 




jJ . Oi«.l ^La ij^ o_jfi5* ( ) ^L dS" 

*^Urf^JK « vjF ^ -i-P *S3^ (5^^^ *Ji<J *S J l.i ^_ifAl^^ ijLii 

4^4 ' vj^ jji;Li*^ ji;L*r^ cS^x ^ I* **** * o^'x^ 

jlaZ-^jyn 4jiJL>- ftrf^ la^ ft^ J j ' *‘* i <t 




J J ftJ J Lm 4w T* j J dS I "^^^3 v5 4j p J l • (_)s tllk* 

l^^jaijjA ^Idi^ ft‘ iaaafc( 4 ft baaiK \-^‘^ ^^JyiA•^ jl • ai^w^A^ > ^^jlSti 

L o*a i ^ Ft ^IjhAafJL^ ^LoH^I t* a U " i^aaF I al^ cSifSaftla ^y^^mtltt ^ CSjU^ l rfa* ai ^ (i ^a^ ftS 

• \S“jyc 4 <• ^ '' 






(ii=(ii{x,y,z) (i = ], 2, 3,...) 

* ~ ■ « ’ ^ J< (_5Lfeti*.^ Jai* j- f t.‘P «-S^ ^■^~~* 

y ^ Atf*^ Laiii CL*|i ”u ii j i«p f Ij d(}j tSjtSI li> *?• ii-* ^ »ii<" L 

dl^ ~dx^ + dy^ +d2^ =hi^dgt^ + hj^ dq2^ + dq^^ (Yr —A) 

Ia jl l^T jl ^ I j5^ y AAijyoL y ^2 ' 

ci*jy>»«H h iS^y ‘ 


v^_ '—l±'tihi± + ±lli!li± + ±!hlli±\ (rt-a) 

* 1 * 2*3 *1 ^^2 *2 ^92 ^^3 *3 ^^ 3 / 


'y^ 


tic ^ O^ 


dt = dxdy dz = ^ 1*2 *3 <^i <^3 


(Y<i-<i) 


^ J—SL^] J b« ^\yZ£.t^ t ( 5 l&;lyi<i*l 3 isyj^ c:*Le*::i%«4^ 


X = r sind cos <l> 
y = rsind sin (f) J 
z = r cos 6 


X = p cos <i> 
>» = p sin 0 


(Tf-iS) 


z = z. 


jjb^^ 4>v^ (Y^) J ii;{ 


hr^\ 
hg = r 
h^ = r sin & 


*P=1 

**=p 

*z = 1 


j I <3^ *fl> ^y^ jP ^ 


>Llc j _j 






fjCnJ dd /] 







c/r = sin 0 dr dO dtp 


3 



dr = p dp dtp dz 



( V) 3 (r, 9, p) ( vaJI) ( j—ib) 

(p,p,z) ,j<JaS 




J—^j 


I* III* <>S^ ^ aXrf j \ J Adljl ' ix • JT Li' ^ .H^jJh>wU lO iSZuM J 

J«i A K »ll»l» • >1^ 1^ aISCLw^^ t.^ jl QSljjk< J<iA 

. cu^l <S3^ La^^K4 t 


•V^ ^3^j >fj J ^ o * 

P.M. Morse and H. Feshbach, " Methods of Theoretical 
physics," Volume I, P. 655. Me Graw-Hill^ New-York,1953. 









y ~ y{r) tsijsH f 

jj 4X1 ^ ^SjSJ» iS3J^ J:#--it:- «XwUw^ iS j J jU 

j I (.!**« i CL.J LjJ li a*' > j %« 

1 d / . d\ 1 /aMl 1 

2m (r^ dr \^ dr) '*’ sin 0 50 ^ 50/ sin^ 0 (^) j 

X ^A.(^ 0, </>) = £< i/',(r, 0, <^). (r Y - ) 

' p— rf - ' * ^ Ij Ci'^yttSj^’^ ^ ® ‘ -V*® cJU Jjjywu-U^ ^ 

ij/iir, 0, (p) = ^,.(r, 0, + 2;:) 

. ‘-Stf j«i <t> + 2n 3 (p -1=^ ^juj 

djL jl 5 (YV—'j \pt = i?(r)K(0, </)) 

liW i ^ ^ ^ i J ^ 


^ fl if 

2m 


ft' 1 / I 5 1 

2m Klsm0 50 v‘”^ 50^ sin' 


d^Y 

^eW 


(YA-^) 


J J i»— M ( Y A — ^ ) ' t-ijla J^ (p ^ Q ^ J*^ r J 0>?“ 

jlai« Lj (p 3 9 • r is^JS^ 

aJjIm < (h^/2m)l(l + 1) k^b . xllf 




/(/+ 1)1 


^ I—^^ j i O i rt^' iit ^5 lj.( a5‘ J><^ IjUA^. * ! ** > b ^5 1 ^" * 1 L/tf 1 H 

• Om¥ 1 br Y Y jyj 1 ^ buMtf Y 



Aw jj ^ 




[sin 0 dO 



1 I 
^ sin^ 0 5^^/ 


y = h^l(l + ])y 



y * ^ ■ ij ^ jj L{ 


• CwwJAj Ij 

^ . Clwl? jl< O^iljU, 


y = ©( 0 )<D(^) 


j-t aaI^ ( Y'o — ^) aJjU. oj^ jj . 4^lol Ij ji jLiL< 


'sin 0 d 

~Wde 



+ 1) sin^e 


.2i^ 

® d<j>^ 


(n-^) 


U j—ij*^ *-jj^o *S Okwl j J Jaii aJ jijM oJU- uJL: L 

c h^m,^ Ji.tA< cu<b ,j^l wUiSj! 1< . cu<b 




mi 


(n-<s) 


ft ——- — I Sin 6 ——— I + 
[sin 0 d 9 \ dO I \ 


i(( + l)--?!i 
Sin 9 


^]®-} = o (rr-.) 


(T'T'—A)3(TT—a) * (T^—6) *< . OjjT^^l^ouvJA/ Ij 

I ( A i ' im Ci Q j (j) * r tS^ j n* " ^ j ^ ^yJj*i 0 * tj if wi i ^j Lm* tS 


'I'lm, = Rm„xe, <j>) = R{r)e,„,m„,i<j>) 

• J l^LwUl A. I* i.«44h V.5l2^I 



IfV 




(TT—A) j( TY-^) ' (Y'aS |*-j5 
Lma^ O La« I f Li? l^w Y^ ^^ d, d*J L^t^ 

,jLa ^Ijj jj (Y*®-^) Sr*^ '-®-^ ^ ^j^j* 

^ ^ yj^ Cl^LirfX^CKa^^ ^jISj jlJ^A^ 4. Oi->f [/ 

h/ d 5\ / 5 5\ 

4 = m - «/, = r (y ^ - ^ ^-) = >■* (sin <> 39 + «< 9 ^) 

4 = 4p.-*A = 5(z|;-x^) = /ft(-cos«|+cotesin«^) 
r 5 a\ ft a 

* >v *^ ' f‘ d» 1 , 1 U c i( 


£" = V + V + V = 4 fs*" ^ 41 + 

* ' * [sin ede\ 86/ sin^ 6 d(f>^} 

jj /?(/•} vsJU-J c:,U:Li»-U** (t'»-^)j'‘ oyr 

il«i la^ J >ili>«|jl O^ iSjJit*" 


L^RY,„,^h^l{l + mY,„, 


= ft^/(/ + i)fAi„. 


(r6~6) 


o>?- ‘ 


I. 


ft^ 

/ d(j> 


(rr-A) 





JA * dw jj ^ ^ 




O'^-Av^ U ‘ ^ 


t5>-^j—* c5J^ dii-«»^ <iL£ft; jrfj »— 

jjfa^ iS ^ <^ ^8 ^in_«o 0> tZfCoiZi&K jj 

*5^ m^h^ ^ 1)^2jI^Ic-jL^mC Lfcjlji* jjfJ £^2 ^ £2 

Jjl^ J^Lu 0.1*5 p ^-|* A Lu^ Ljbw &Jk^ljl44^ <iZ L ^ 

jjl |kA OLto ^ T"^ ^ ^ ’ J AJISi^ A^ A*'< III ^ AA# I J J ^ ^ ^ 


n.,w = K(o+^^ 


(rv-^) 



iSyj*^) (^e*nlj) j^J* i (yflti) <5-® ^ ^ V ( T-^ ) 

• (no) 





( T1—6)j*^ fti**- 


2m 2m rfr V dr) 


{r A - <i) 


' '^yt‘3 (T'T—6) j (rt—6) ••S}^ JiL~» 4^* jJ 

Ij (jfl*—Ij 4.J ISs L* j is I Lf , j jy* ^j >~«ii>ii'^ ‘ viuivl^'i^, { 

£2 £ a. v^ i ’ UIjS 

j| t - J-iLf £^ J 


,r.n = [^.f.4]=0 


(r^i-ia) 


• OnJ*^ 


‘BjISs Y 


.i * '. ^ 4 »■ !, »• ft> S oLcCX>«« j«i ^ 4 l ? i m i t > ^Sfi ^Lft j^fi C ut I SnjSi” iS 

^_C ^ ^J ^_) aJ^aIjwA^ 


aS * 


4 T CZ 4 


•I I ‘ 
y 'jt!j 






*"(')-‘i 

' ^ cslfe^ SU cWj •aI.^U- jI (.5^^ 

IT—^ Jii /, J>^ f 

-si'—Ol-Jii-;) 

'^y^iS* *^fv^ O^j' 

^ = -^11 1/ 2 
2rtj 2m f * fir y Sr ^ 







cSLj(iL> 


)Yc 


4 ^ >>^ ' Y,„ — 0 ,„|( 0 )^)„,( 0 ) < jSjjj ‘• ^ ■ ^" ^ ^ 

sin e ^ ^sin 0 + (- + /(/ + l)sin^ 0)0,= 0 ( ^ 1 - <i) 




Itf ) L, ^ o.^ jLm ( f Y—A ) 3( ^ 

^y^y») nti ^y"y* ) / ( t.^ 

o^jj«oA< £^ ^ £2 

C w * ' / jL>v.j^jli4 4 ^ 15 : 1*3 

■w,Aj/(/-|. j)ft2 
aS |i|j A^ftLiMO 


( \j £j I t t f b (f T—^^ " ** " * ** )-^ ( f T—ii) 9- 

aS niuS^jt \j/ ^ c£ LI. i.::^jal( < (1>„, oc 

0^,(0 + 2;r) = a)„,(0) 

^*»i|{^ + 2n) _ plmi^ 


1. 


^inT|2ii _ j 


•0. ±^, ±2A.jlxiiyLc £, ^^Ujl^A^ljJ. m, = 0, ±1, ±2, .. jjJt,j»A. * ., . . ‘ ^ 

4^ .ijly;^, y = QQ5 ff ^Ia jLi:;— I 1 ^ 4 aS |k^j 5 ^ ^ ^) *-? U ^3^ 0*1?*“ 


(/u 


O-"^)£0ta,(“) 



Y^)0...(“)=o (^f-d) 







)V) 




C5 J ' 5i‘mh* If 1^ 

©,., = (I - «")'“■''" ^ P,(i/) (fo - <s) 

( ^1 J ** ■ " ■•) (J-^^*** 4-l*il***-{ ( Y'f-Hi ) J*^ 

£[(l-»')^*] +'(/+I)P,(b )=0 {ff--C>) 

^ ^ff—»'■ v' ‘ " »«« o» Pi o^j*^ 

• (J"^ 

Pi(u) = ^^b:u < -l<u<l 

^1 1^ •jtf ^ *J >41*0 (J>^ *|| f* ^ I j«i 4 4 (J*JJ 

aJa^Lm « dtev I 


P,(u) = 

J = 0 


aJjLm (f f—(i) jO j\ eS jj 


^j + 2 ~ 


y(y+i)-/(/+!) 

{y+i)(y + 2) 


('fY-ii) 


. ^ , 1 ‘ ^ ^y* ^ jyj <5^ ^1 5 ^0 If 4jlf^«i . CamOA^ Ij 

ji— jluL w =il 4 Sj^j^La» a^IamiIiu 

, ^lai^ / jljJuAf A- >.ii f ) c5^ U 5yJ c5^ ^li J*^ ' ^ Lf l^ 

'^j‘ / 43^3* ■ '^JS^ (^#*'3^ Vi4« JAf I A^jO jl ^3 ■ ^3 / (j'x 

W = ^ 1 j J CiSff • mi«04u; I 3 ^ c3 I* ?• '•^if 

, ^ ‘t\u, o> (JtfG 

'^j3^v>i<U*^* -^j(0 = 1 <^33^ 'j 3 flo' i3*iljjl_^ J3^^ 



4 Ui j J f j Cji (£e ^ 


ivr 


4>jT jjl 


! > 


Poiu) = 1 P3(w) -- ii^U^ - 3/v) 

P,(W) = M P4(m) -- K35m'’ - 30u^ + 3) 

^2(w) = i(3i/' - 1) P5(w) ---- K63 w* - lOu^ + 15:.) 


[fJi-d) 




(l) (I - 2uz + = f]/’,(u)z' 


(T) 

ir) 

if) 

(A) 


1 = 0 


( '^y» 

J>*>) 


(/ + 1)P, + ,(m) - (2/ + 1)mP,(«) + /P,- ,{U) - 0 
(u^ - I)P)'(m) = luPiiu) - /P,-,(m) 

J Pi(t^)P:'(w)^w = 27^ 

kXJjb j ^ \j^ I ( f } j ^ lili» I L 


ei„,==p'r' = o-u^) 


2\liiij|/2 


d\'”>\ 

d^\ 


Pi(u) 


(Ao —6) 


Clkiwl^ 




I 


‘ Fp>(u)PT‘{u)du = 6n' 

-1 


2/ + l(/- |m,|)! “ 


jl « CUmI j ’ V iL ^ i.^ ^ I I / 2J| I Jy " ««>* ■ * i " iim O' 

y ^Jl»i. £ « 


OiU-^ <5 IdJL^ 0|».| . (]—U*)'"'!'* J-Lt ^ii-A^ « 

iS Omm 1 J» L^ LiHo v »^ a1i' K 4 )K9K 



)yr 




4>) = 


2/ 4- 1 (/ — 1 mj)! 

An (I 4 |wyl)! 


1 !2 

P;‘(U = COS 


-<i) 


1 g»*-S—^1 , /Wj = 0, +1, 4 2, ... ^ / = 0, 1,2,... iy~;T tS 

mih i l(l 4 1)^^ L. 3 L^ ^^3 


,2lt ,1T 


f f y',:,(f), ( 6 , (/.)sin (^0 (/0 = V <5, 

^0 -^0 


mimt 


(^iT -ii) 


j J OjyeA- aIS—^ ^J-b 


^nim, =-- Rnl{r)Y,„,{e, <^) ( AX' - ^ ) 

t 1^^*1* j> to dS* *^j^ 3 * fl * <JF*J^*** 

^ 5 !—^-Ajb 4 ^^ ^ ^jL_ojA* xjlixi >^L»v^ t 3 «i.^Cw'^ v5^4~"<^' ^j^3 ' 

J'^‘ Lj 3 V" LS^,;^-b-c |ftjb j i V . ; : u .> a> < cT"^ 

^ L>A< L> _J-4J JLji j L ,?P^f aS ( aS (J l^£«w i.I 1 mvI I^ ^ aa * ' tj* * j» 

^ ^ijL* aS 1 a b w wa J oLaoS l■ “ l4o^^ la CkM^^ib 1 ^ b JaAJ ^ 0 *“^ ^ *<i^ 1 

^ 3 ‘ t 5 ^ 4 j Cw^ ^ ^ Jjlai (^^3 ^ ‘ 

a litaO f ^ Y ^ ^ ^ ^ I M*^ ,^ 'V l*aM^ ^Jtf f 4 * ^~**** 1 ^ J 1 ■a n 1^ ^ S' 

4 • oM*(l a jyM 2 > ••< j .i,.> i_J|f« * 9 ^3^j j* # * ^ tj* 

(^ 1 ^,—< . o«»l Loa j j j:;«I ^ i^Lft>*jJ^ jl 5 *./iS 3 •/'nimi *^ 5 ^^ 

• jS J 2 J3^^ O ^ ^ ^ Cw ^ 4j *«-*-l^' “ ' 

aJ& ^IftaiJ^ iS^j^ (ji L?'*^L^ ^ *‘?V '^( T A“T ) jl 

•^^4 .xj Arf4 LS^*rfili 

rA. £y] = r i,y, k=x,y,z ( 45 laJ.>> i^ji; ^ j->) (- ^) 

^UaiJyi jl *.5u^-4i< 1 ^ 0^3J t, j* t 5 jL.SjLb 

4jr«^L>- L, 3Ly • tj, b al^rflb* 4 o4>* 

. , \ \T .^i ^.i^Lya^U ^l*aiJ^ • d«,l 





c !v _ «^ 


)Yr 


J^\n, /, mj> =£„,|/7, /, m,) 

£^|:7, /, m,> = /(/ + l)ft^|/i, /, m,> 


(/-O, 1,2,...) 


£j|rt, l,m,') = m,ft|n, /, /?j,> 







(m, = 0, ±1, ±2,..., ±/) 

Z 



■ I, j 1 (r—0) 


I 1 4,^ 1 jjii y jJ c ^ *' <*ii |f ^ fn I ^ Y ^ c5^ 1 *>A aJ,^ Iji* 

c s^" ***f I 3 n<s»3^^!^ 

A — Pj —^ jl s^i tsUjl^ • *^l.i 

^ («ijl j '-^ cS^j^ 2/ + 1 

(jj l^-«IiJ La* jiy jl jto iS A^ » wy<.« • Ajf,i C 4^i*M * ^ 

^^4^ I C^ A jjfi t} 3 3^ vsJU- tjtij t-Si^ 

In. 0'= li a„,\n,l,miy 

mi = -I 




(^J ijj 


)Y:i 




I 

mj = - J 

Ci2 ^^ ls ^ ' (Hf ffjI ji!'^ I** c>y^ ‘ ^^ 

tS^X &JjLa* «iijL ( e,j jj j ) /I Irf 

^ Lim < h J * Lv^ ^ ^ OO A 1 * ii»< 

• (*^ 15 * iS^J^ aJS— j 

(iSjj^ oLoiiw) JI jT 4j j _ 

aS «^MMr A ^ I <1^ ^ J A ll * A A^ ^^ I « n *^ ^ ^3^3 

aJ 0 Ijto • ^ ^ ^ J *^ ^3^^ di'LAAl>%A' ^ ^_^I^IM A # L A^^^ t ^ * VUmvI^* 

ty^ 3 "^ 3 ^ .A^A*» tSj^^ caJU- a^j ^ tS^j^ • '^y^ Vir) ~0 Y— &) ^ 3 * 

A__S f AmL ^klnii ~ ^k((^) ^/m((^» <^) '^jy^^. '^1-! ^"^3^ ■ *^3^3 3 / ‘ /c 

t5^,^>*-i { T 1—6 ) V5^ aJjL** ■ Own I AllAj rt ^5l>Aj /c A^^,^ 1^ jS.* Ij 1^ O "O*^ 

A*t «VA I y^ ( K ~ 0) *A Ij T Aj J 



/(/ + 1)1 

r" 


«*/ = 0 




A>^ J i^A i33* aJiALaa t P =s fcr J it* '** Jrtf^ j ^ A AI t'i 1 I> I ^ 2w6j/ft^ o”^ J*^ ^ 

t533^ J-« 


LA. 

p^ dp 



/(/ + !) 

^2 



= 0 


(^iY-d) 


ts-3^ Vl>^ I- 


^,(/:r) = AJi(kr) + B,ni(kr) 



Uji^ (SLi (£a ^ 




. 4j^b / ) <S}j^ uU»< ”i J ji 

^ '* • ' is^ ' ‘ ‘^ «ft j«i i/^ iS ^ ■■a,''*** t>i«i->>« 

' j'^* * ’ > ‘ ‘ ' *^ L ‘' b tS^X (J-t^ csUm^>?’ 3 °o 

l^jyiaA-t liljTijj (^^IAjIiJJu J i^,.. » .>b 6^x1} 

^kim, =ji(kr) Y,„^(d, (l>) (AA - 6) 

jj jf ' k <Sjy^ c* = h^k^jlm 3 

^ 1*1 > ■ ci^* iXm ^ A " I * i >3 ^ ^ r 4 M > ^ I ^J<i*^*<^ ^ I t" f 

tS j «j*1 ^y >il>i Ij ci^jIjLm* nil ^ / W t5^j k '^3^y (ji^- * ^lj* 

I ^ \ ff M tj >X* > " mu 


^“•■='f f a,„,(*);,((cr)y,.,(0, ^) 

i = 0 m, = -1 


Ikl =k 


tSj3 ' O ^.^( jf ** ‘ ^ J3 ^ ^ i^l»ili»l j«i lco"^J'^*^ cuJl^- X 


e'** = 1(2/ + l)j'y,(Arr)P,(cos 0) 


i = a 




tsV^fb f^Jb j > u“ am ft ^ j^A-i jljT Ajj tS3^ tsV^b 4x^ 

4«i^jlSAi^ Vl^ I rfl** i “H a 4 l ^** » <» O O^aaA I f ( ^ <,5^^*^) £j 

. aXurLf 6<Xlii lSjx^ 


LaUlA Lm^ « ^ 

<^jyaA^(V = ^/iTr^ = ^OT£U^r^)*-bA-« o»<* t5*x ( T1— A) *JjU« 


tXA IJs^^ I^IajI^I^I ,Jah^ Jxlj *4 i*> ^lj . K ixjZ/ Jaiaa ^ 


A(*0 




-/i+l/j(^'') 


1- Neumann 



jiLLy 


^ ^ ( 2 ^^nl\ 2m / 1 , , + 1)\ 

? Ir V ^ e ('■' - 2 ^ - V-r ■' = 0 


(fe -6) 


y^ LflCiS'l AOm a I aJ 

^ti^t'ts* 3 ' a = moi/h ‘ p = otr^ 


/I+1/2 


f ®— &) Lw^ ®"< “ ft<y(2n + ^ + i) L{ >< l>{ ijfv**' 

(f Ar-<i "^j) C5“*^ iiji*« 

L': -'‘(p) + [(; + i) + 1 - ^ -/^(p) + „z!: ■'» = 0 (n - 4) 

o^L( u>«,t>»wo jjla n j—^ r-♦ 00 t^yi" •j'^ 

( <5L^lA-U. * -.Xl^J^j^-*- I^jyo^^ JS> aS(^n := 0, 1, 2,...) 

j I «V LjJE {^Is AI^ • *^3^ «i^ 

LV" = 1 LV"==i-p 

n'" = i /^V"=i-P 

jiw «\ lib \imy Lft j I« v jto j j ^“A { Lj ^jtiy 


*^3^0^ >fj t ft v..»*«t » - Ij Jt( 

^»,m = r'e “"’'*L{?_V,»/i(ar*) Yi„ti6, ^) < «, = (fi + f)fiaj 

. f ^ ^ ij ^'' -^t R {s*3p-'^j^ siA^A^ Oif^ 

<S^j* vS3^ 4_JLi« is^j< 

jl i53J^ OJ^ J—OJ^ 

jljifjt A Kt >*i ) Jj J lS^J< aJjI»« aS .iy£>^Jf 

, Ciy»l tS3J^ tZrLcCJ%» 







)VA 


^>CC 




(^T-U) 


3 


e-f = e« = (n + i)AQ> 


(^r-0) 


oLaii^ jJ iS L IajIaju . n=2/j + / = 0, 1,2, .... j** 

,i I «g I 1 . »V 'i"nMtt> J-aM IS ” J>t i*«.^ «|T 

( ^T—<i) fijf + Ny + /If = n = 2n + / l-< 

jl c^jLj.* {n~l — mi = 0)*i{l^ oJU- 

</'000 OC OC = ^-•(*^ + y» + r^)/2 (f _ ^ ) 

. Oi«l LS,; ( j *-?V^ U ( 

*“n M i lj 3 AJISam, (fl = 0, I ~ 1) OaJI»> 

Atflir ^ jt^j^ 3 O^**^ ^oi-i.3 ^oio > *««yb 

^ooiix, y, z)J^oio(^ • cui-L \j ^S3j^ 

^ ^ * M«>ib ^ Lwii^^ 

•Ao.oCr, d, 4>) = cos (9 = ^ 

^ioo(^i y^ ^) * j' ->.5^0^ ‘ ‘ j* 

^01-i(^» 3'AoiiC^i ^» <^) 


^10o(-X> y» ^) = ^ «(Ji» + y» + r2)/2j^ _ g-^'^l^y. sjjj 0 J.Q5 ^ 

=s ^"“'■^2 jjji 0 ^ e*'^) 

= i['/'oii(^ 0. <l>) + ^oi-i(r, 0, 0]) 

iS 1 *mmr 

^oioix.y, ^ [^01l(^ <f>) - ^^01-!('■. 4>)] 



4^ j 6> <SL 


»y^ 


j y i I * ^ O* Ca ^ JX O ^ *3 f y (s J«i 

5 <53J—^ t5 1^ *3ifJ Osf^ U^J * ‘ <5^ * *" ’ J * * j ^ C5*^V^ J Cijj^ ^ C5 

JL>'Ia>X« 4i0^lii^ ^ 1*~^ ) > ^lf*< ft'if jlj 


{1-fi)jj*^ 

jSjLw^ JjI oJl> > \ ii > u^Ou^AJL^ 


oJl^ 



fr'l' *^3 

ij^irt~ 

n = 2n + i 

rt = ffi + «j, + n. 

Ci -f^ 


^mtmi 

K«+ l)(fl + 2) 

/i = 0 4,^1^ oJl>> 

ihw 

^000 

'pooo 

1 


ifiw 

f^lOOt <toiOt 4'oot 

poih ^01 -l> V'olO 

3 

s = 2 *ii,i^ oJ a 

iHw 

1 

'piio, ^ioi, V'oii 
’ploo , Ip020 , tpoot 

lion , <i>0i-i , •p02i 
<p01~l, >p010, >I>100 

6 


(F = —A’/r) *V** , 54 jJl>_ \o 

^ ^ ^ * ^ * '***‘* j ^ (Jfj ^ ^ ^ (jjJjJfciSariN* 

jy^ L>i^^ j' ts-U^t;^ >*- ^ c-j»iS ^^jj,\fA 

I—(-^1 ^>5* jL. jbij jl ^jSrfS-J b-i-*; Cw^x^if . jjl j j\ji c-«l 

• ‘■^—‘■s—(j-2l *S,i}^ f K * ■" ' tSj*^ Lf j « *slj* 

« Ou»l l_fJ,|jMiwLi^ Cftljr\j^ ^1«jl < ^ 

■ T<'» Jti«iU{_j<* / (JjLim* aS<u^Ij i^Lbjl jjU ^£ < Q^ tS<x^>i 

j 4 J^^Sl^LmaA jy* l-b* ‘ <jy* ^ * t " * 

i a> t> > 'ilf**b t^l|.jJL»- 4 Aj^Lothf > «>l«i > " <^111 7 ] *" *»*< 'j ((J^ OJ^J^ 

4^ j cuurl -^jy^j^h ts^if*“^ *- ? * rf' ^ * U 


• A<*i K *< Jisj C^J* 

H. Goldstein, "Classical Mechanics," P.84. Addison- 
Wesley, Reading, Massachusetts, 1950. 













Uo 


L_ji‘*.«^ ijif*«*-l^ j>i • 1^+“^ ^«-^ 

,jii* j (^Ujl^ ‘V*« t5^-iJli*‘4- <5^ 

*ai A*l^( Y^—^) ts'x JjU. . ^^. x », m { e ^ < 0)cu-.l 


Li. 

r^ dr 





R.; = 0 




•J ^niW,=oo ^ iJjj—-*-^j— -«j>> ftS aJjL»* ^>{^ jl 

= y«iip)lp } Cn = i-lmEjh^f’^ o'^j'^ ^ « p = 2C,r L . ^ 

4 ciumI 



'(' + 1)^)-, 

p= p 


1 

4 


>’«<(p) = 0 


(ff-A) 


• ‘ y, = mKl^„h} o^ ^ ‘ *j 

yM)^ (fY-<i) 

^J 6ki < i2j*^ jJa^iLv ^ 


= 2(/+ I) = 2, 4,6 ... .3 a = / + I — Vii jJ ‘•=—'>i*^ Ij 

>xij\:^j^f^*^'Xf» aS F(a\p\p) xi;L< 5 ^ 

a) ,F = 

~< L f«w l>»i Oj v^l^ A^jL^ < = 1 (^Uwl Lf . Ja^j <Jy*^U^y + i ^ 

*-i i 


■ U u»j* UW^ • 


• is*'^ * 





r/ iQ\ \ 1 i “ . a(a + 1) 2 , ^(« + +2) 3 , 

(ai^lp) + + 3W+0(^+2)^ 

} '^y^(j* V' * t^ U '^ *^V v < <5^ ilw^ *^>^j^( j i . * *» » ’ ' J^ 

L|; jjii* <i«x« a. Ci^j'^ dS LiJU> ijlj^ Ul . (s^yt* (J-i^>f^ (*<l2 

y '^y^tji* j" ^ ” otA^ j’i jl (ji ft l» ‘> 'JkAy i-S^A^ j iSy^ ‘ ‘J^L( ji^ 

^ '^—'j^*^ **j— ‘ T j tj-—^y J>f* (J<^ 'j Lr^>»* 

= — a = 7 , — (/ + 1) = 0, 1, 2, ... 

^ /+!</! ^ isLoU^ = /I = 1, 2, 3, ... 

^jy^ ^ ' j>* ts3j^ * 


y/ = « - 


m^/C^ 

w 


mX^ 

2h^E. 






(/I = 1,2, 3,...) 


I f t *4 g if ft • CUm> I J LaI! ^ fi " 4 A«- ‘ « ^ jii ^» «« ( f" ^ J *'aJ I** • ^5* A< 

J>f* *-** i> f^ y "^y^y o»<^ 

jjlj l/nJrf^l^ft< A “ Mi>.flj ^ iSyj^ y< Oj^ *-^ l^lt , 

^jy^*^{ f A —6) aJ jLu f jp = ^ _ ] = 2/ -f- 1 1< 

U aJjLa* 


{p^.+[(P+i)-/>]^ 


+ 9i/(p) = 0 


(y.-fi) 


^ g i f Ai m aXf j I J ^ a I* > ■ Aly j IkXJili j\-f^ O^ IaJ*^ JJLj. ^^i*» iS J«i 

^q’(p) — ^V~{l+l)iP) 


^ J^kft ijy iJifM^bt^ i.5|f iS^ji j$^'^yy^ aJjIjm tS OJ^ ilw^ * 

• vzmiiI iSy^f^ oLaIi^s* j>i ^kJb ^ iSy^tjy*^^ ci/LaIX*** 



(S^tSia ^ 


I V !■» i«^ 


)Ar 


jl Jjl 



L,°=l-p L/=:i-2p + ip' 

Li = 2 — p L,2 = 3 — 3p + 

Li^ = 3 — p £ 2 ^ — 6 - 4p + Jp^ 


(Y<-ib) 




(I) vw = (-i)«^lV,(z) 

f’z"' </’■ 

(p.9 = 0,1,2,3....) 

-rr/(i-r) 00 

<'■> (i-,y*-“ I/vw 

(r) zLV '(z) = (p + ^ + l)V(z) ~ (p + OL"^^ ,(z) 

(Y) zL 71 (z) = - (p - z)Lp«(z) + (p + g)L«p„ ,(z) 

(6) 1^2 zV-'L/(z)V(z) = ( o-Lc) 


J>»» 


(YV-^i) 






f(n-(-l)!/2\n‘'V2rV . 


vnaj 


l2«[(n+;)!]»Uj J 

(n = l,2,3,...; / = 0,1,2. n-1; (Vr-iS) 

W»/ = 0, ±1. ±1) 


■ 1 ® 3 f (54— oy3ji 3 



J^l a = h^jmK 

jli V i** ^!.^ 



'''-”=5(2^)' (B 





— rlia 


,-r/3a 


COS 0 


e sin 0e*** 


JLV^' 

na^j 

I I 1 


(.-) ^-"’“ sins cos 9.-' 


sin^ 


(Yf-^) 


ojj'V* jkii— n 


<V— T s if” * K. = 6^ l< • '^ytm j^ji^ < r >i««ifl > j «i 

j 1* , ijiwl j^y< tS i a — h^jmK = fi^/nte^ ^x^t5* 


me* e, 
2h^n^ n^ 


( Y6-<i) 



,J_jU. J.*l5^ty: j'^^i — ~tne*{2h^ i^ — W/f eV ‘^\ 5 * 

« ^” ***^ A^ A ^ L«w j l|j >i^ ^ ( V ^ ^ " < »*^ ^ 

Cj- ^ i r -f’ X"=0 ( 2 / + n = «^ J la*JA^ j I /I f J Lai: ^U>A^ 

'-5rf <J*><' ( T—d ) Jj*^ ‘ 45jl<i?jL; jl . wi*-(t 

^ I ^yj Im^'* ^ ^ A I I* WII ^ ^ ^ ^ ■i VA A ^^ M W> > ‘^^ ^** 3 ^ 

^1 ft ^iaJ A ^ < ^/ ^ ■!>Ai^ ‘ ( Z< '»j-b*>v» 11 > l ‘i . *> <« (_g ^( J "^ iW O^ J*^ 

Li ^ A ^ I A^My^ LLs * i W <i« ft I i m^i/ tCjy^ i ^XmtL^ ^ Lm^i/ 1 ^>w^ Jyia I 

vl^^ a 5 L^^ ^^yjit ACLrfJ lJA i iS CZ <^1 ^ 

< ^ ^|| * IS> J<i u0am9VMa( ^IaIS^ jl«iiA ^ ^ .AA A ^* « |; 1 L( • •Xw L( A ~ i» » I »A (Sjlf"^^ ^3j 

. ii-nax I iVi/Aa j^>Xa *-i ^ > A I^AKjA./ /^ dJ f vT«««tI k —■<■»■«^ iS*y^^3^ 


^Li J^ffc ^jl jJjLi (Y-6) Jj^ 


/ jl«Jju 



0 

s 

(>=) 

1 

p 

(crl-') 

Y 

d 

(u!^) 

r 

f 


f 

g 



— f " d^jyMSA^ OijL; ojI^^aas tslfijlj ajU:; (/ = 0) 1(^x11>- 

^l „ - J> :; ; l < / i>f*» m i5'>f cs^3 • ajIj ^j^Lj ( f> » ■ »“ ««>« 

U I = n — 1 i n isVsJ^ I '-^*-< 

jl l-< <. V rX w * ! ,j^IaJ 

> ^ Y—^ i \S‘ iiw( h ^yliMA (J^^»l j^yL-A^^iaJ t^ljlj ^jLii ^ ft 1^ J O'^Lfcl* 

w XmmSS^jA >ij 'X»*l IJ j jy>*»A^ » ~ tfm> * jI*Xa A. > i A ^ ij^ffMi^lS JffA (m,) t^sLoi 

yf 3 * " «?**(J'Li 'AbIbii 'i-ll»- 

• (^ — A Jii) j\ji 2 jy>^ J>>- i 5 ^ 3 >^ J* iSij '^'3^15* 

jl t^Luvl ojL^ L^ j 1 (,ji»*A X* '^ U:i>-I 

^„„.i/r = /?,»,|y,„,lV<irrfn 





1 / j I Kj,„J ^ i/fl = sin 0 </0 

J'^ C>iJ^^ JLji>-J 4 i< Jjl 

^5! &-aS . ijumiI a ' Imi ^ .Ij ( os^m) fc_»l_^l jJ iff2<,5*-?^ 

j\ CUmiI C.>jL^ 

\Y,^y = eL 







. 0—.I t'Xi ^ JSi) **^ 



/=3 



/=3iJi = 0 

0 = TT 1—^ 0 = 0 J l |f ij Lfcii^ld^ »■ ** «««»^ fn I = 0 € / = 3 j«i a5^ 

• ^( xy fc>»ii^) 0 — 7i/2 = 3 *1 = 3 >■^1^ j'^ • j^j* 

^3^ *i<^ j'^ 03>^^ JUi*-!*^ ljut 

^1 ■ > ,^ 1 * 1 ,1 ^ * 7 tS • ( Y“~AJ^^) *^«Xfd r dJLtflj (//■ 

^:;*^LI . 0—1 Ai»v^U^L— *4^ t ja oJU- JLi»>i 

*** jl 


<'‘Xi=f R„,rR„,r^dr 

•'0 

^ ^ 1 ^^ ^* *. * t 4^— • V r 4H M 1 

<'•'>.,= rj?.,r’«.,r^ dr 

•ff\ 



/*- 


)AY 


bai>- 0{bj Lc . cu»l JSl^u 


<r>.,=-.^«[l+i{l-^*)] 

<r'>.i = 5'<"[5"" + l-3/(/+l)Ja' 


<'■■‘>.1 =-r 
ft a 


(Y^-<S) 


<'■ >-/=-3 


ft\l + i)a^ 



^ JLi». 1 ^ 51 ^ 155 . . ( Y— 


;j«* L-*^ J-j ^ J ^ J'^ ^ O ^ *<• U • 0 xj J O ^y'U* 

jUiciJ L>jI olju j>i ^/'n ‘”• J^^J ^iwl^ iS^j^ ^ omvI 

y i »Sm»I a Y J'^ ^ I i**i HI I Lf f >3Ij 


« JtlJ ^ 

H.A. Bethe and E.E. Salpeter, "Quantum Mechanics of one 
and Two Electron Atcmes," P.17. Springer-Verlag, Berlin, 
1957. 
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UA 


• rt 1^4 Lw '^*>^0r* (Or, 3 ^''n '(Y^*-6) 

* "< <111 ‘ 0 ixt Lj« 


lim 

!!,/-• 00 


Ar„ 

<''X< 


lim 

!!,<-• CO 


<'•>»/ 


5 ‘ ^max ='?-“! ‘ * " ‘ ‘ >< ‘ V< U I ^ • '^yt ArfAa ^ 

C T xit 1 «A ^ QQ > 1 <.> J*^^( i I’iblll I L^ 


Ar„ „_, _ 1 

<'’>».«-! (2n + 1)'/^ ® 

OTf** iUtS <^\jL\ j’^ i ^ n cf^j^ JL:i>l 

■ '^y< ' « •lA.^bilv ^IajIii^ L^ Lilia y A JL ft l ji»' 

4~S «^T (Y^'’~A) 4*aLi 11««I Lf J/ — jlhlijl Ij j 11 \ >a 

<y\i = {^) =-e\r-^\,= -4-=2s„ 

\ r /,a ira 

A?v^ * <r + V}„, ~ <J^*’>„, = £„ Of^ 

<T\i = e„- <V\,= -£„= -i<V\, (YY-<S) 

^ W* iS^^J (^L> . Lw jlia aJi^jAp^ ^L h*! . * I ^ * lSa j<i 

• (^ ®—f i Y—T (J®^*** '^j) T = —^F' (j^ * cj-wI ^>^^■ jtt^ • 


JJJIH 4i5—• j U 



Cl 


jj-lSajI jSl jj ,/* 0>?" 

fL< j*i . jH»-e !,< * [J^cfC —f) =<^cf (^)J 

Lk'Ta—S ^^l. X£l^ aIXmI^ "^^^3 ^ •SSJtt' cSjj-'^ *Jti3 3^ 

• (J-“JX 0>^* ^) (^4^^ 


.)'-*■ -y 


• X 


— ^ r “ r ^ ^ <A f O A^ c,< 


.12:«;I 


z 


—z 







^ (A—A iJ^) 4> (j) + n • r -* r, 9 -* n — 9 A l , iiiF^A^ LS5J^ ^ LoIX.>«a j ai l|/ 

’ U — cos 9 O ^ J ^ ^ "*” ' ' **“ ^ t_) «iL** 0 —^ JJ — 0 tSj ^ • aia" OlA 

Li , ujU aaI^ cu>a:; j^Us cu*«j 


Ylm.iO, 0) X (1 - u 2)I"'I/2 __ p^(„ym.* 

^yw KfcJI dS ^/jwj * “ • J igtf *** r ^,1^ 

jl iji^l ojL^-c ^b jT 


^l»»il 

SiSi ^'M 



j«j J»Lt cu^^LiA (^-«*» ^ «J^ ^ iS c «rM»l Oit^ Ciyi" 

• Lo . a^L, ^jii — {jPjy^ 

/ _ Trt jOy? ^ ^ Via^^Lc 0 t " *>lll > C al^ tf ai^ m I f I • ^ cAi (J aijJ* 


^ <ju> (ft ^ 


Mo 


. Oj*^ *jifj (>if'x^-^ j aaJjj* C4*iU 9 c-*—i c—,1 3 «m‘ 

. a*(5>tf>2 < A-:l< wjj ^1 

oyf </> t. ' -** - .! • *i-iL j^mj^l . jji i ’. ^o J jjy 

^i^L***' 3 j tfif O " Oj*^ 0 »: • «»««* ijumI j-jj / ““ W| 

• C-fcK. l^^Llt 0? ><■ " *> mij$^ . 

C-*. iSjjJ oLaiis. jO dj ^5 jj^ ^5V-=JU. dj (‘KjirS'tj- 

1^ / ^^lid dl;^ld^ d:;-^ 3 . 

.U <5ljlj l<-dU ^^l . jljju dj^j u»'>> X *J^ Oo*X^ • 


P\n, I, mi} = ( —!)'!«, /^ ni,} 


^nlm,(~^) = (-^)'^>,lm,(r) 


(YA-6) 


iS3J*^ iSiJ IT 


J-jl (j*-rfi»Lli» , ^y^^J• {nil i 5 -<^ 

oj^d^ ^ 

B = VxA (Y't-^i) 

Ia U*J «A Ia jai lk|fdCuMi»d^ B ^ J <i ~ i«»» I A I ^ 

jl Owl ojLf^ (^Y—X ) i5^ 


Jf = 


(p - (^/c)A)^ 
2m 


+ V(r) 



i L( tO^ Ix^ I >A,f» jJI • Owl 0 «£C J djai jLj ^ I^T ^ 

A = ;^B X r j ai^ (joj ^ dd(YH~6) * lAiwl^^Ld ufi tAjold r «i A « » 

wb (5 g (5^x) jl O^J^ ^ 



Ml 


iS^J Cj(0 ^ ^ ^ 


cuilj jk^lyi- , j_^ j\j^ 

V X A = V X (iB X r) = i [(V • r)B - (Vr) ■ B] = H3B - B] = B 

*i,{\y* Jtj ( Ao—A ) '^jy^ C> 1 ?' J'^ 


2 2 

JI^ = ^ + y(r)-—p-A + ^A^ 
2m me 2mc^ 


^Bxr 




« Aj> ^ ^3 A liAJ* aS^ d%M I ^ L i A< ^ 1 A|jw» < ^<J 

Am «Xto ^ ^ ^ ^ ^ i^Art* A^^L>ALj liJ> ^ 


•*" = 2^+ 2^ <"''»•“ = 1^+ *'«-Br B 


(AY-^i) 






< t i T f ** ^ |l ‘ ft T ’ l. * ’ '' * • *^'***' ^ ftj«i (_ 5 jIj »4 I i ft « jjLmIiJ 

(^^ftlXj^J *lk«ISbftif ft*iiM j Ij ftS < ~ w l ^ j il ltfl*)! ■ * « ^ 1.^ L» |> ‘ M<» |f m« 

Lf (AY”^)3^ 3 ft«i Lo %.S^ iS < '* »I»|I l_««w U.» y 


Mj =^; 


2mc 


(Ar-(i) 


- ‘ ff ^ yj^y 


I «\ { U» ft** Mll ^ I j III! ft * Ann^ lft* >i* iSjy^^ ^-O'*! J-(-' ft* ij^3 0"^ ^ ^ 

*V^ ftA^I^ v^bSft^ 0*^j Oy*^M< *-**v • •i-i'U ^jyt B 

H.A. Bethe and R.W. Jackiw," intermediate Quantum 
Mechanics/' Benjamin New York 1968, P. 122. 

. ft>A^U jj.M tf i '’ ^ • * *3j^j t ‘~ <, n i ' fit/L = ffiQ •—‘<“*' 



\f ^ jj (Sgj(S!c ^ 


)n 


J B * ^ * ^ (j* V ^ Lfc jy>>* t K** >m< ^ ^51 

iSg j ci^l ;^IS {^rgjrt* j>*- ^ 2'^jy^ On* . jliIi z jy»^ jl j:;uI 

• *---^ if ^ '-*^ is^^j jy^ 

I ^ * ,IS^ 

(Af-fl) 

^Tjj *5 

-- aJ^U* ^^l J 4-»<b *3^3 o**-^**^ ts'j^ 

^b *3^3 «j:3aj^ 3^ 4^ <i*-,l ^1 »_<JJa. ^^i*, . _ q 

Xjl**^ tJjjT i.ZimiJi^ iS (^Jf_ft^b *3^3 CL«i«l (jSm I jj f iV<"m«iA k^piM 




g,gBmifi ) 

2 mc r"'"' 


{AC^-d) 


j^IajIajL *3^3 l< jjJ3 «A ‘" .», ft> (jjl^-a^b d3i<3 A** ^ 

3a^3^ aS ^jC^Ai A wf 1 


^Hlmr 


,, = £„,- niifijiB iy, = i) 


^x ifi * OJ*^ ^ 3 lii tfi** li»« ^lu^JaM3:: 4~*f^ •jrfj * 

i«>i,f ^>b M ftj*i> tS JjLt> 3 ui« »».i«Jl ^ * > AJLiS^jt I 3 ^ 3 ^^ 0 <l|frf» 3 irtJ‘ 

«^jA^) A-iL( jil jJ a^L< < qL,B/2mc 

^1 jj L < C-i«l 1 ^ g • ( A-il< 

< p-+-p3 r-*-—r ' jA Ij^j »-*«■» 3^ • AiAI^ 

•L->-rx—p = L 



^ ( tn ^ ig ^ I i Vj ^ ^ 


6j«ii^L<b&*Ai%ii« jl ^^ j^yf (^y “ ' ' * — ^hj'2.Tnc t 

V f i M if I Cl'^ Ia£ y^yi ^ ^* ** ^ t< ^ r \ t a • *>m*^ll i 


/^B = 2 ^ — 0-927 X 10"^° erg/gauss 


(X^-<i) 


ij——w^LU* (>f*^ < /I < Iy< J"^ 

tS^J—< ^5— tfisLii* 'Lli* I • "^yiiS* CxM U LS* ^ "^ 

• LS^^ ( ^ c i^;) ^jLa:; tS^j^ • '^y^is* 

j^yi L( 


£, rriiehB 

£«- = -? H- - - 

""" n^ 2mc 


(AY-£>) 


j_S^ J^l5 . Ota-I ^ (J^)CrS<j tS>iLe (_ji,Is>-a<U' ^^l . 1>'^U’ 


(3,0), (3.1). (3,2) 



(3.2,+2) 

(3,2.+IJ,(3.1.+11 

<3,0.0),(3,1,0).(3,2,0) 

(3.2,-1)(3,I,-t) 

(3.2,-2) 


( 2 , 0 ),( 2 , 1 ) 



( 2 . 1 . + 1 ) 

( 2 , 0 , 0 ).( 2 , 1 , 0 ) 
( 2 , 1 ,- 1 ) 



B J** 


• (1,0,0) 


J>S^ J J jA jl JA 0*<j 







ehB 

AE(mag) = -— 
2mc 




{ h ) o,j*S 


(o, = 


A£(niag) eB 


V.. ^0—A ) 4S^5jl«lo ioSji>- jl CmwwI 

J I j J J_, &iJ^ j jji (^1^~lII> *j«_ 3 ^J vlw ^ 

t ^1.^ Ly j ( L^ .ijyt j j) Q 

I ^ l^i ' inJ L>> I j ^ tS l^ 


^^Jt^nlmi ^^y^/rJmi ® 


(AA-A) 


J I < lJ ^ ^ ^ R ^ . Jv iw L^ 

y y 

• ( 1 o — 6 J^) B J>^ tSjj <^jUT 

t iJJbljLa L^ t S jj S i * f Ci*"j La L^ L^ CJJJ ^ I ^ i«*m ? "ipj ^ * ♦ j 

I—! f c«^ • *^* " ***‘e^ is^ v>**ci <5 *^Lc j^\ L( J»^ia^ <^l(p,fSL>A^L> 

i ^ !>• ^ ^ u i I * 1 A i» ^j ^ ^j^ 7 * S il ^ aS t V i t f aa ^ O'*'^ 

^ ^ ^ ^^^ V * * Wv ^ f ^ <S III 1 Jxhw^ aS CImw ^ ^ I « K > 

. |fc^jjToi« jd^ gjijj L< Ij (jli^jlj djlSb ^IajI.^ dS ^yXm t ^>tf,^' 


dd^l^ u-bS’d^ c-Sjj>- djl^ j. 


H iS'^ * 


K.R. Symon, "Mechanics," 3rd“ed. P. 284. Addison-Wesley, 
Reading, Massachusetts, 1971. 

jLj j I LI t jjl.> ^^^jki:; cjSj^ 3 J>^ 1' *• 

• A^ y OwM I L 1 l *l d , i , !> 1^ Llf . tlw I \j L '.iJ l> 1^ 



L j I Ja:> JI . B i5L 2<j>' • ( ^ ®—^ 

l^^Ai:; ij:Sj>-J • n ^JJc ij:Sj»‘ ujL = eBl2mc li B 


Ot' 


f^ ‘ . . • Jjl»i I.9AA 

I < d*<M> I (^Ia jy^eL^M i |k^ *A • >XA^^ji» IwhJ 1|« f' ^ J I 'ij-( 

I—^ ^ i >, ^ J i aS <. r .4 J I AA ^ < " 

* ^ ‘ i^j I »Xo I j AjI^ JS* j ‘ J « V - 'm» ^ w^j « <B ( fa>j i» ^kJb A « ' « 

JIj l^ ^ij '> M *» a a^ j . * L < I 111 ^ Irf ft ?V ' * ' ' ^ ' J ii'^^ft-j l<^ '■^ O*^ 

‘Oyj —iJ^ ‘ \ij^ '^jy-^ • '^y^y o*;^ ^ 

tftA t ftjlSC/ (^l^fthAui ^ 1 ^ L^A.^ L^ L ft4|i * ^_cl A> Ai^ 1^1/ 

, .iJjUjLw < Jlij J'^ ^ 


^jjJLj> crjj— If 


*5J j' ft jUiU»I L; .LaJU 




^ftjl^ jj^ ft^^ j Ia^I jJu 


m, 


JIJlCI 




ftS «i< 


i'mlmi 




JjU Amm! J J (Sa ^ 


M9- 




[Li,Lj\=ihLy {ijk=^xyz (A‘^-ii) 

U (A«—T ) Ot!^ ' cu«Ji- 

* » V ^ ** < Ml ^ ^ f ^ ^3^) <3 ^ ^ I ft*<BWi' t L 

1 1 \to 


L^\/,m,) = fi^A,|/, m,> 


{ ^O — ^ ) 


t,\/,m,> = ftA„jA/n,> 


( V 1o —A ) 


<Ly^> ‘ <4je> -^-M, J A| ‘ 

o"^J^ 3 


<L^y = <L,2> + a/y + <4^) ^ <4^2> 


</, w,l£^(/, m,> ^ </, m,l£,^|/,m() 




•ii^ ^ " 4 ^ ^ ^ J ^ »iA* ^3^^ ^ Ia^^ Ij ]^ dS AJ>4 | 1 * 4 r ^ ^ O—^ ) 3 ^ ^ ^ ft < ^ 


^ ^i, 


(u-c^) 


'^J^3 *-> =L^-ity t*=tx + iLy (tS^4>* 

P 

*—?Hf^ ' [£*, £^] = 0 *-s ^ b L, . 

£*£^14 m,> = h^kiL^ 14 Wi> 


£^{£*|4m,>} = fi2Ar,{£*|4m,>} 

. CUwl h^k[ jl>lju *3i^ (jbjb If £^ jrt-' 

I'i a A^«iie« ( V *“ ) <S3J 



o-3j 


(4 ± iLy)t, \hm^)=^X„ ft(4 ± it) 14 w,> 


(n-ii) 


-'ts* • tytj = tjty + ihtjc 3 44 44 ~ ^^4 aL 

j L# Ij “A) 


(4^* + fiL'^)\i, m,> = |/. w,> 


4{t'^ 14 Wj>} = (A„, ± l)ft{I^|4mj>} 


J T ^4 J 




a + I 4^3 L £,^ t54^ 0*f^>f 4 • 

j I < " oM f ^ <i V < * ^ L *^ ! Cl^ 4^ ^ cs** 


4 w, ± 1> = 


(4. - A„,(A„, ± l))/i^] 


Yj5£*|/,m> 


(n-a) 


4^ ^n, ‘ ** ‘ * ' J Ai ' Iiwi fl* 4 j l^ ^ 4 sXJj^^L( ^Lb^^SJiaiiC >yi j «l ‘ j^6-( t~ 3 ij^ ^ ^ 

^ ^ ) j ^ * *^3^3 ^ ^ *i«6 ^4 j 1 ^ 3 ) 4 ^ tj *■ JiS*^ 

jl^3 ljU 4 S tSjS 0^3^CS** J I • ^ ^ < II* ^ *^43^^S* A^j 4^ ai * * 

(3f^ 3 <■ " •■ f***' Ap,, 


Amo > Amo "t" 1» ■ • • J A„ — 1 , A„ 




aA L \ a C I jl J j 4 > a< d«*w I ^ ^ yi^ ^ Orf ^ ^ * '^3^^** aA j ia \ i > a4 AmO 4^ J'V w jS 
^iiiij r> t|f AjiiO 4 ^ * 1^ ( 3^^ 1 ^ " a ^ ^ a Arf> ^ ^ ) 3 ^ ij a * if 4 ^ **^ I a^ ^ p^ai K aa^ a4 aXf Ia Ij if 

1^ 4 l|f «K j4af d4w I aXau if A^JJ = "I" ^ 3^^ ‘ J O • I ^J Of^ l^ a43v if 

i ^I * » »» ^A 4 tf < if Ok. 1 y>aa.n if / 4JA„^ = 3^3^ • Atf—J *< ^ tf-****^ if 

, 4 * If * if CUw I ■K ^ if I jl >44«4f 4 . ' a, m / ffl I 3*^ Af,, = ^1 ai_J*Sljjaf ft> l |f . ‘l‘ < l3rf^3<4 

a\fT^ jai Oj^4f ( ^6—A ) ^JaiU* 

-/<m,</ (4 |m,I =0,1,2,... U 4 |m,| =i,i...) 

O^ ^l3 I * { A^—6 ) ‘^3"IJ' 3^^ 15*ur'^’^3^ 0*33 

C wl^^^ ^ fHa. ^IS 4fi<Mt <-Sf t ^ tS*^33* 3*^ ><»<^4l|f * |kaA a4JLaa>if ^tf. ** *)* * |*.ft Oaaaafl 



J 




)U 


ip iS^ *-?V^ 5 ( P } f l5jl-i-i< (^b <Sg; 4 ^_s-i*|f) 

^^ ^ ^ ^ ^ ^^j r» ^a iJ £si4 ^ f ^ ( i^ 9 a cSL 

^ » ^lj>r^lrfn <tO J * ^ ^Slo jfl jtf*l (i ^ i 4 ^ ^ ^Slo 

j -ifSb « a-ib A„j = ^■>^15' l5^X 

f ^1 ^L.» t *3 ^ ^ n 3|^ dj 1^ 3 ^ 1 a C 


£*K,/> =0 


(lY-a) 

i3 Ls^w t J t 3«3 1 i> 


£" = 1.,' + L/ + L,^=L-L* + £.2 + *4 


Pl,',;>=«^A,|/,0 




(£~£^ +£," + ft£,)(/,/> = ft^,l/,/> 

oJjS' |Sf*^>^ ( V ^9—A) 3 (^Y—6) doLi:;^! b 

(/^/j2 + /A^)|/,/> = ft^/,l/,/> 


A,=/(/+ 1) 

4>^b 4"^ 4JL>-b-l I /, Wl(^ C5^ iS^3 * <» ' «S f Um Jj-> ^ 

dL>>^«'j,« tS I iAi|fT <-»■* <^<4 ( j jl djlAXul b 


|/, m, ± 1 > - ,J _ ^ £ * I /. m,> 


J.,^I^J«JjLm 1-^ 3 (S^3* J'^ (^ Y—6-) o^ ^ 

tSjjT^;^b J^* ^ ‘ ^f, /-I J3^ 0 — 00 ^ y, , t5'>! 

^bj, Ai|fT^ cuw^dL, f j£;L»y: v-Si< Y ^ 

, A1;5^ Cl<LfLU* iJ^j^ISl* jl dOaT c:*.. J4L( 0tfbj b 









03J jl \J^j i^jLc tS ^jLlJ^U- 

wS - ^ aS ^ • '^**^(_y* 45 I Cl*i>-lyi{ ^ L i >- 

40bi^ j ^*** ^ ^ ^ lA A ^ ^ I yO ^ ^ rt ^ «i< 1 1^ ^ 1^ ^S^jMiif j fr 4^ » 

>i**»v< I .^Aj aS f (^IftA J IJ ^j« <^ .4^ L/ A I J/»J^ 1^ O'* ^ ^ ^ ^ y i 'Xrf'' 

(^ «> » I /j 1,^ flr> ^LtlS Jt^6-> t I \ * « 0> I jj- 




A il^ijA^ ^ J (^1 ajI^ u^^Iaj j<i j jiy vi*S ijiJ Lva^ ft' iMi uuJ L>- A 

= <p|/?> 

W = <r|^> 

t5^ ‘ 

. ( Jjlj *J^/)(p) 1 = J |r><r| dj i5jl^ *^'j ■ t5^^*-^'j) 

J-4:i*»-(^5 A,;!^ cuJU- ^b Ajif^ j lijj-'^ O^^tj* O^ T—^ 

jSi-ib Ali-l,l,i o"^'>S^X ^ ( 3 L **** ‘ U***! . ' ' 

V = 0 0<jc<a, 0<z<c 

V=Vo 

ajij 4J^j4< £ i^UftAiJ^ aS j^jaj ^;,Ll: ( Yf—A) J,{*V^ j' 4jli:;-,l b t—A 



J 


e Sy > (Sa ^ 


Too 


a Jt -i ; Ij ' f 3 0 I fr a j lj« ^ ^ ^3j j ^ 6 ^ L<i * .«*<i I U 'f“^ 


\ijx > ^y] — iflLij^ 




♦ ^ L^ i ^ Oc/b Ci — 

i5^^>?'W Ij i>ijl • c*»Ja^ I^T J^I ^b«3t{3 3 3 o-«l 

A«M|fljLi CI^La-a^A t ** «iii 

^ (*>f 'j eJU- d^b A 3 t {3 3 tSjx^ O^i^uS* ^3^ Y—A 

I c A I ' •■■■*■ A L^ i ^ I % ^ 


V=~Vo (O^r^R) 

V = 0 

^ ^ = 0 '"SaJ I (_5<A , J|<| ^ (X ^ i~fda/ li>V* 

r = a j'^ A|(l^ cJL> j j tS^x *V^ A-^ 

. iju<i<l ^3^ Cx^3^ fl = h^ffne^ O^j"^ ^ caa^I 

'^—-U • u^bj \nlmiy L; J^TaS cJL»- aJ^^ jJ (;5* " ***4f** 15^3 IHS 

ajUi^a^I [£j, £j.] = ifiLh = <^y) = 0 “V®''* O^ 

* (j^ ^ < c /' * = i(^ + l)(w + 2)* * •ijSiLiA* (jr ^ ~P*< '^3-<x <jK^^*j* ) ®“<S 

I tS3jS^ 3 toUxiii* j J jl^ ^^1 (^l^_a^b Ax3t-r3^^ ^ H — 3 tS^X 0 

• I 

<^jx^ t5jl««Aj,^ Lf Ij ^jjj.i,#A jj 3*x 3 oJL>- (^3^^ 11—^ 

2m Ar 

Ij ajl-*T cu-,j<L{ 3 Ar„i„ • ApArcah \t } 

. j'*^ Am^IjL» ^y rf> va ^•aULa Lf 

* jliaijl I cu-l Ip ( jj" *''’ 4^3^ Lx — (fi/i)djdipoyr 1T—^ 





re) 




AZ,j Atp ^ 


( AL^ —» 0 »(jrW’) oJ J ‘ e^ i i B ia ei U1 

O —^I \j^j o-iL 2:;r ^ L-» L l< A<^ j) Ck^ ^ j^*j ^^ 

c-if*k»j*(J*®l 4 (5^^ tA*^ 'j **<3^ (* ^ ^jU 

A^tSi: aS jk^j ^ijLu ((_iJI) A 





-• V + V 
r 



eS Jk,^j 1^ ^ ^ ^ |»>* I «ij-i Ajij 

^= _^1.±( 2^] 

2m 2m r^ dr \ dr) 


. JisJbo \j p^] = ifiJ ^ —SUa^U ) 
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1 ^l^w f I IO < ■ i<<ii>l-AA 0^0 ^ ^ Y ^ CSIw^O CS ^V 

rt I ; < ^ ^ I m fri yt CS ^ 1 ^ i*?A * ly^^^IiiSLI ( ^ili 4 ^ O l|fi^ aS Cl^ I 

^J * !■ \ ^ T T J ^ ^ ‘ * * ^ A' * iir ( O ^ ^ I ' l iJ tf ■<> ^ ^ ^ ^ ^ ^ " i**!* I 

jj . jjS jlSiTjl,*«w j^A^ Ij 0<#^^ ^ O.P"' *-U“j*-{ 

A>^Ia * V 4. -> iS*^ L i^ '-^ jl Ajii L? * " '' J ^ 

(_5—.^Lit ^SiJ J'. '-^ 

( 2" * J liA ^Jl_JA^A^ J IAe^* W^ L?^(( a “ Ia^ 

j^jt j - f ^ (J^S^ u»Jl^ tSj>e^ Aii^l ci>Lpl . 

^1 jjbA^ aAJ^ ii^ ili'^j'^ *^^^1/* = f^tdBJdzj^ "^y^is* 

, ijjl^JkCA^ « d*tu>l z jy^xA AIA «I 


,Ua 


lyw JjiiS-l I tSj^*^ jI L i i i* A <- 5 ^ t OAv t ? » ‘> <^ ^ J,iClA jA A-^ JS^C)^ 

iS jjo^^i aA«* vjl^l jA 

jLIaAjl^^Y—^ >< *-?W^ 15--^ J* I*Ja5^ jI A» Oii^C5^J^ 

L^ Aaw L^ I I H»> LiiA ^ aS ^ ^ 


1 e , 1 eft 

- ~ :; — = - :; — m, 

2 me 2 me 


i^-n 


jf!j ' cs-^ ' z jy^^ <S^j^ 


ffi I*xo 1^1/ '^jy^ j"^ * olw Lf «X£ <^ **M f * O^ 





fof 


L aS c-^ I s> jB^ 1^ j Uiii; I _j ci.^ I < 2/ + 1 «U- j I Jul; < 1 Cw-^ 

<C^jS ^ L^w I (_)<*J l«^ T J ^ ^ ^ J 4 *-5^ J ^ >■ >i 1. \ »‘* aSA_ 

ajlS:: 4-L^jAf 4 ^ <ja^j-!^. * ‘^* ybLb Jxi-_j j-Lii 

* kX^Mr L/ d kXM ^ Lj>W I ^ 



J-— t£j jLil^Lm .3^ * ti5^^ * c5j ‘* * * ' u ! < 

I4S ki^l^k I *■ I j ^ '‘ < | i,»< * kJ^^? A kXo'^ Omv «^4Lf ly«Al^ I ^ ^ ^3J 

ft l i^ >*^^dbj ftS cimmI iL^Kl/ l^ ^,1, ^ t*^ I 


\j ft-^j-^’ 3 f < ^> * * * ft WI5 ^ %ilkXcl 


ntg = +'J S *5 = -^^ x2d jjb l^ji^LjTj ia^ 

^ loJb ^ J <Xu/ l^ * ^,a"“J* ♦ ^ • Ol^ kXw 

• * 1 ^ I * 1 ^ C**^ ^ tS d **dy I 


0^1 ^5!^ ^iL aj^— ) 

■(*^jS[, j aii»^IS a-/Lh« 6j<i «- S ^ tS jLaTjJ 

j ^ Ib.A 4 • Ci«*<l CL**»j jLi ^lu IS iJl,^ 4S(_5^A^S Cl/j^^A.^ i 

. jjII j Li>-L m ^ I r »«i» ^ ,>i i ^ _j f (^.il*xj.< ‘ § * tlw v ****^ 

xj tS'j ^ntg s s is^i ‘ J-<*' j3^ ' 

ci< Ij j I ^ j lji« «(^j I *^4 iS j>i in f * I « UI • ^ ' \ f ^ j(j* Oii'A< 






Tod 


■ I. V .M W L ^^y O jj A » *jA drtti—1^ ij ; 

jjjU (s = ^) 03 -^* •^jy‘ j'^ 

4jl^ ^ * " « *‘> -J ^5*^ 4 




>t5- 


• jtij ^Sf^y fJy^^ j} 4jli:i»i L 

a jlj (ji^Lj ^ (3*^ (a ^—6 ) ^ ^ 1 . * . -* 


[^i, ^y] = /7j^* {i,j, k = x,y,z L) ( T - ?■) 

I aj^Lca-f . j = ^ O^ ‘5'(*y + l)ft^ i^LajIja* ( V ) 

jl i ^ .. " 'jUj ^ ijli« g i^Laa^'^* j»I1*jI aS* aJ^j 

• rn^=±\ ^ [w,! 

^ j'^ iS ^ Ij ^ kijJ IJ ^ ^^t5* 

oL"^ r oy^ Oii^f^ 3 i.5^ISd ^IS aS ^x^^Jg» (‘r') 

^2 ^ 3 ^ < V aaa^^f j j ^ 3 O ^ ^ ^ * ISla A-/ Immo < ^ * C—J 

• A^^Jua^i ajli^^« a ^q *ijl.****^ ^ c L ^i a v «a|/L^ ^Lft^SLlaf aS’Aa>S'^,« ^al^-v^wMy^ 

Lft^ ^ .iac aS < a,yL iiiSL i^I^Acalj ^j ‘! , u ^ yia c v.S^ 

aS l"h » 1 q. wK 4 I «ij«a . «aJjj j ISai; 4 j» | * A O J*^ iS 3 

iSj^ Oj^a- jj aS AJj^^ jl^a^ j§j 


, Aft 0 \ 

-W 


(r-f) 


^5^ *o^*3»f3 3 ' a J 


/"*> = 1 i> = 


'w*) = I -i> = 


(f-f) 


i^K~''^3 0>#^>* U tsV-W**^ ^ olj j m 

^1- ftjLTjl \^^ji ^ iS Arf«i (*ia*l>> ( ^ ij^ j'i) 0333* 

JmA■ *'* I j3^ aS (^jla^al* { ^\i *J a? ^ i. ‘ " * j3 AJLiS^^^ ^ ‘' i ia * t " ' 

. CUmI 





LflfcJ O^ ^ J^_y* ^ ^ 


/o ift\ . /o -^ih\ 
\^h o)' oj 


{Ci- 9 ’) 


jl 4^ < ( Y—?■) *'?v^ j'i 


iftWO -W_/0 -i;ftWO 0\ 

O/U'ft Oj [^ih 0 ;U^, -ih) 


r ^ O u * & ^ Lw ^ ^ ^ ' ’^*' * iMftt ^ ^ 


= s,= + S,^ + S,‘ -, °j = ihH 




I ^^h*3 lJ a3 ^ ^ 


4j+J)ft' = Ki + I)fi'-i^' 

• ^ Y—^ ij^") 0«J«< JA^ < (^La^l 4^^ 



isi=yi(i.,)/i^4A 


5 = j »j Oift^' i5*>j • ( Y—f) 


aJ o^ 5j = ^fi^i ^5ife Lc tS c^l 4 -^Lu oIj^I IS^ 







Wj u° ^ ^ Cx ^ • (S^3 ^ iS^-ir^jP ^ j 


E = 3T. 


(A-f) 


cr^a^ -CTy CT, -ii (jJjL 4->^ ( i^) jl 

■)! £^1—L ( §^ %^L «^3 jj) ^ J ,3 








o' 







L ijl-4^ t *J«J3 • ' ' ' »«■■ ^ — ift 3 ifi (^Ittjl^iS* *^3 U tS^j 

'^^LT* (S ^ ‘ w “' ^ 3 “^tr* l V .* ^ ‘ "‘ * Jj Itf I ) 


l?f>= E 

m, = 


6jj\S-^ (j'j-i L; L^o5 «_5:{3 «jlj ,j^ Uj 

• ( s ~ \ ^j' 03Jr^^ ts'j-j ' Jjl J jl>iio 5 Oif** 

| r ^ i5 l ^ CHaJ L^ Cli^ 4^ ^ i/ ^ I 0 ^ ^ ^ rt < i»^_/ ^ -^T^- ■■ -1 ^ y l^ ^ L^ 

s> > S .-^ J IS I ^ 1—^ I t51L«j ( j * S i « ^ ^ U I j I (jo 3 ''^ U“ 


< C5^ * i5-W“'^ j j' ;*- * ■ '“ 

( t5-'^) = Jts^'^)®ItS'Wtf-' ) 


_i 4 L< «i n i I ^jJ t« (_5 j I '^j-t ^'-j ' 3 Laj 1 ^ . "S > m « ^ jt^ I 3^ 

• L/ ^jp * ^Sj3*** * 1^ ^ ^B** iii 



. ((j 




r «A 


^ C j L^ Lb 1 » C ^ l«I^ L ^ iS ^ |> IaI^ tS IjO ^ ^ jfti J ^y«» 

I <J—(Jjj J—iJa^ t b^^Lsi^ . IA^ ^f' £< Ltjlla 

^^^1^ ^ ^ 4 X« ^ ^yl» i^^AaP ^ywt|4M4k*r1 < " 4A 411 9 ^ j ^ Ca^ l^ L a J * ^Ai^WhA 

iJSL < J Li r «b ^I^XCd>4^ LSj^J* CSJJs?^ J*^ 4j«i ■ * " *«»'^ (3*^^^ (,^ 1.4 1^9 1 a B 

^ 1 ^ d4^ I ^ |4 bJ^M44^A4^ itS'h'^ O^J^* 


|w//w,m,> — |/i/mj>® \m,y 

^1. xi^jjA b.il j »-« . >««i; dj j 






• ^ I -^_p I ^ 4 I ^ 


.;? I nbrii m^> = £„, | nlnii m,> 
£^(w/m,m,> -/(/+ I)ft^|n/m,m,> 
I, I nlnii w,> = m, ft I nlnii m,} 

I /i/m, mj> = 5(5 + 1) ft^ I «/m, m^) 


(/ = 0 , 1 . 2 ,...) 

(m, = 0, ±1, ±2 .±/) 

(^ = i) 


3 


§j (nlrrii m,> = m, ft | nlm,m^} (m, = ± i) 


L 


in'l’mi'm, |rt/m,m,> = 

OjyA>a—- I J ^>^ " .,W A 1.^^ ^ Ij 0OiA^ C»i ' ‘ lS^X 

J-a»Lp- L, Ij ( I ^ )l iX-"'^ 

' <r| L, j ^yJ5 y Vj^ 

Owilj 3 Jf^'^ ^J‘^ 




nlmtm 


("I. = i) 


M 


/r) = <r[/i/m,>|m,> = \if„,„,{r, 9,<f>)\m,y ( 1 o - f} 

*^3 ' 1^5 ) Si ^ 

xz^jyat^ ('Wj = —i) Oi#^^ 


II 

3 


'/'...,* = *.,.,(0) = ('''3") 


(n-?) 



(JS AjlSZ — (Jpf^ 


fol 







21 + \ \S^j» (^Lj-^JU- (_ 

j'^ ■ Cwr“* j* ajIS'jj f" 




n-l 


2X21+ 1 

i = 0 


^100 ~i i ^ioo^ O^J*^ •^ (‘ J^ iS^>< 

• *—“I ilA-P jU}-^ • — 1 r/f eV iSjj^^ 


(5^3^ Ailii— ^ ' iiAlwMi T 

jy»^ >i t «! ' «< I J •i |> ” |»IM^M> <JS^ ^ P^ ^ C aS |>,J <■>■ Lv Li If' 

2 jy^ 4^03^ *^3* L^^ S ILj «(3*^ 0«<**®< • 

^^30* ^ > j*^ 1*1^^ ^y «»i << I r, 0, 0^ ciiJl>- jO (jl#j*i 

O—If* • *>V^^0 + ^»3 0 ' ^ >^(jr* ts^*^exp( —/£^ 0^/i^ 

O*^ t5*®*ifj 

exp(-/£,0//t)|r,0,0> = |r,0,0 + 0> ( U-f) 

aS L: f |n//W;^ 03^ • (*’fj<#^ J*^ 1®^ ^^La< \zS t-S^ ^l>- 

.ilj |kL»wl Ij . K mi^ 0*3^'vs* * *' " -‘'**>* (J^*^ * '^3*"VS* ■^3'f-^ t5.. "^ a. ; 

I“> = Y^ntmi\nlm,y 

fl/lfll 

oJl>- I j^^<^ 0*^3*^ 2 jy*^ 0 «jl jjIa-j u-^* ** j^ 

|a'> =exp(-i£,0//i)la> 

= lfl«»»„exp(-jm,0)|n/w,> (m; = 0, ± 1,..., ±/) ( ~ f} 





no 


J <'ni2n _ j Cl-j^ I j J 1^ ^ = 2n ( ^i>^ U®<>* 

oi—S^ d—. O’^X jLkul iS , [a') = |a:) f^j^is* 

,2^j*^exp( —/5, U ( ^ (*1 . ***^ ' ' tS^j-i 

r 

t ^ ^ V ****^ ^ Cw^ -w^ ^ ^ 

\ 

l^>= Z ^m.l'W,) 

tii , = i 




lx'> =exp(-i5,^/ft)lx> = X ‘^-n.exp(-;>n,^)|m,> 

«!,== -i 

(•j^47to^j^'^ C*^-5 * ‘^'^t.5*^ L 27r O^?" 

(^l—4jl .. ft 1^^ 5 ^ ‘ C .WJd^ lx ^ ~ |x^ ^ ^ ~' ***' 

> ^ 1. 1 <~I .w* d I j I jyijf^i «-S^ . <ay£if^ d.^ijktL 

L ^» —i i o^Lia^l < '^^3 (>t^ V->^ ^“'’' = — 1 j*^ 27r oUj"^ 

Loi^^d klA l^« < JlJj I >i Jii 1^ Ia^ j ^ <>5 l|^^ j Ji»*'>^ (J ^ ‘ ^ Ui'i JI 

• t#*U Jgtf^ 271 oUj'^ 12-jjO 

j(j- (j V “ *>*»* exp(-iS,^/ft) j exp( -/£,, ^/ft) o>?- 

I <s^(<i> + ^)> = exp(-<£,^/ft)exp(-<5,^//i)(total(^)> 

= exp[ - /(£, + Sj^lh] 1 total(<^)> ( ^ a - ^) 


<^j 




J = t + § 




d^^l 1^ , «XaS^^ = — \jiii.^j)i (i^ iS cuakI ^ P Itt * 

it ^ ^ ^ A 0u&> luMltJ ^ VkX® llw^ V ' ^ I>V ' 

,1 4ujI^ "^jy* Cw^ J'^ 



rn 


f MUO 


( 


jj J ^ LS 0 **^M J"^ • (,J^ (S^^ 3 ^j ‘^(Smt jiifci Ij 

4^ a->«if^ ( 1 C^f') t5'^Uj ^ ^ iJ^L**i* t5jl*-»< 

(j- lS^j< 3 iS^j-i J!^^. exp(— iJ^ ^/ft) 

• -^is* z jy*** J>^ C5^4— 


^5jSj4 iS3J^ 4Ji-*4 j — t* 


^LaoS^ icI 


ij i^ " J , « j Ia / iSj ~^tSj ft i ■J * «« n a j J 4j j i>.Si; I ^ J {S * 

* ^ t«JS^ jj ^jJ , i«i< li« C 1 .^ Li>- 




/ A" 

_ v" + V)r) 
2 m 


0 


0 


_ ^ v“ + i'(r) 
2m 


(1Y-M 


3is —cs W' ^ " ' * • (j—^ ~ (o l) J'' ^ f'^^yis* 

aSj^^jLa . ^J*J oJL;> ' 3 t5jj 

A C^i4^i0 I ^ A d I ^ ^ 


\nlm,m,}^ iA„,„,„, = lA„„,(^ 0, </>) I "i,> ( U - f) 

/ J fl *-? lSjj-^* (J>5“ •'‘^* 5j J §^* L^‘L^( 

• ' ‘ " •^ u '- ‘ ls'j-! (_5l^^L»- ^~ J ' 4“^^ -ijlj 


\^0= Y. S (H-f) 

i»i( = - J m, = - -i 

■ ( Y* 1 f —^) ^nl 4 3 '\s*^ oJU- 4^j i-S^ 

(_5 Lftla 6 (_5(^— > I4j"*^ tS 1 —^-' V, ' ^ J 4 ^ ^ J~^ ( ‘' tS***^ >- ' x M . 'i w 

JyjJ *iL;lS::/U J^£ + § o'''j'^‘^A j p.§2,£2. 

jl b AtJLftLj^ Cm^u* I 1^ ^ ^ ^ 

J £( 45 U € J lii* . •ijIjISj L# ^-?v^ 3 



’« jy > f ^ (j dJ (Ss p 


nr 




.^>i-t^AjL>- g 


^y^ = [(P + s' + 24 s, 4 - 2L§. + 2LJX jf, J = 0 


[y,, jfcf] = [(4 + s,), = o 

‘ 4-^1^ J j_5LadjJ^ 


[Ji 1 JA = ('^y* A: = V, 2 ) 


(To-^^) 




^ jl ajUc^I L (^ J^ ^Tjj .{y-f’ tJL^ ^j) 

(jj Jk«0 ^ Y o— 9 ") j^ t-S v5j ^ '^j^. {S ^ 


-^^\Mij> =J(J+ \}h^\Jmjy 

^z lyWy) = fy^j fi ynjj} (\mj\ < 7 ) 


(^1 V1-P) 
(v Y^-f) 


I xi-tL{^,{jK^4A^' L jIjlcI _j + Jj' 


4 >.<5‘ 4 * Jbtf 




^cAnljmj} = e„(|/i/ymy> 

£'! nljmj} = l(l+])h^\ nljntj} (/ = 0, J, 2,...) 

J' 1 nljmj} = 7(7 + 1 I w/yw,) 

J, 1 nljm^y = mjh\nljntjy (1 1 <7) { TT - f) 

< ^^yhJy< € Lw ^ ^ ^ J i A ^ I Lrf »\ ^ 

\nljmjy== ^ ^ C;;„jm,^J n/m, m,> (TT-f) 

JTij = — J nij = —-t 

AiA j y2 Ij J) £^(_5lj^U- 43^^ aS ( TY'—f’) j*^ 



r)r 




« J r I 1^.10 < ^^Lla<01&> L^ 1^-0 J I Ia&J^aJ 

J^ (jLy^U- jjy-fiL*^ l^u:: c ( J = -J J ) / <-5^ ts'>< . '■ > -■ " ■“ <>> 

^ J ^ J ^ N^ii^ Lv ^ Y Y““^) ^ ^ ^ L 

*~ii^ X (J*^ Oii^ • a j U' ^imI ^ Y—^ (J^) kSj^'^j< "-it? 

a I y ^ ii Ma fl a^ *Xr^^^A ^ ^ ^ * **'* ^ cS^ ^ ^|ijv t * ^*' * ^ a 



yy(y+1|A = =ii3;L 



,/j(5 + I)A= 


C^+i)A=y 6 ;i 


> = l 


/ = 2 , j= I 

^)f>^jr2f> jj ^ 

lijnmh=^h 



^/ 7 ( 7 TT)/>=^/ 6 ^ 



(J = L + S)/^^ 5 ^-^^ (r-^) Jli 

‘ s=\ >1 = 23 / = 2, A = i ts'j< 

•is ■ jum L; y ~ /i ■J ‘ ^ ' ■*^^ “^~ i ^^^ j3^ jW ^ j/"*?! ^J^ I-{-s 
03-^ • y = i ‘ f'^iS* i j '■■^^ / = 0 {jp^3 3 [j^ jtt^ j ^ 


-W 


jUa< 


■i >^3'^>^ 3 fftj 


'^j = ±i. ± 5 >•••, ±y 


^ 03J^^^ tS^>< j 


1- clebsh -" gordan 


2- Wigner 



fj dj f' 


J I ^ J 1^ <1 dj l\ f ltt L>%4 ^jpJ ^ A ^ Lw d^L^MM la>%0 1 L/ 

&S J I J 0^^t5* ' / S S = ^ ‘ * l* i » » * j>i . ci**irl ,J S» i< ( YY'—^ J 


lfi/j>ij^= n,lj ±-, mjj 

“ UTHPI ± + i)''1■ H) 

+ ('T"’j + ^) |"’'■"'J■^^• "i)} 


irf-f-) 


l^~A^b ij^y « «- 5 ^lS* ( 1 ) — 9 ' ) jb b 


- _ R„:ir) /±(/±m, + i)'^^yr-’/U0)\ (v. 

V'«»±i., - ^ 2 / + 1 ) 1/2 (/ :p ^^ ^yt 2 <!>)) ^ 

Wy = ^ jy = / + i = i' / = 1 ' rt = 2 < 5 'x 2 ;<b «Jb» 


73 Vi yi'(o,<}>y 

b 'j (rt/ywy) y \s^h'^ ^ 




2 i + lv — 2 

Aj 


(TY-f) 


• ■!> I / ^ ^ »VjCoA^ rt ■ (.5^ ^^^ ^ ^ ^ tS 1 ^ ^&> U^bj 

^ ^ ^ b dJ t \ ** *. M ( I S^ oJ t ^ ^ Y ^ dj ^ by» ^ I ^ * C 4^ 

. d^l Vl v^lJLv I»S^ (/Wy = ±^3y = ^ j/ = 0'22 = I) 

^LS^< Ij [yWy} 3 12 ^ 2 , Wj) i»»- < E„I jl ^ ‘■ll***^ A^ 3 ^ 

b 2(2/ + ])iS^ ' I 27/7W( /Mj)' I j7 ‘ J O ^3-^ a^ • '■-**' ^ 

y_/_^_^ 3 / = /+ ^ = ^ A- 3 (*^ b ^ Cw b ^ 

j J < { 2Wy == ^, ^, — ^, — I »1.5-^) '■11*" * cArt^ jb 2/ + 1 =4 JjldJU-. Jjf 



OJj j^ ) 


(^JUi 


r)Ci 


4 jlki;! aS j^^L* 4,6jbjL JS . v:u*-l ijS^ oJU- *5 



^ Lft Aj I y>-j 1^ /=i,j=i (f-f) JSLi 

|/+j|=y=J, IJ| = {v'l5/2) fi, OTj = ±i, rt Im,m,y j l/'Wj^ 
m, = 0 ,±l, m.= ±i (^). |/-j| =>-4, |J| =(V3/2)fi,/nj= ±i { v) 


A- '-^ (m,) tj' i.v "'* s (/W/) 45 ^^ 

|n//W(/Wj^ Oj^-<sA^ AJ JA '» S 6 «. ^ > IaA . I^.^I>>aJ^^ O'^J * ■ J*^ 

J J^cr» j;,U> 4 Jfc (jl^U-Aji^j J*U J Ajij 

' .J^cf J ^JA * * aS^ 

• *i-i^>ifL*^AJ^A^j J ^1 4 AjIjlTjL^L £^ J j2 4 J lit . C-ywl J £2^ J2 


jjjA^ jj jIaa— 3 jj-JaLiiA— t 


J *"'V ^ Lii« >2 Jj L>m ^ (.iSL <A iXli 1^ AIa^I J I iS ;_5 Iaj.^ jJb 

tS ^if*"^^ iS^^‘^ 3 '^ jjl O*^ ^ ■ *^' ‘ ^ cy* *r**“^ ^ ^n i , » J^ Ll^ (J (JSij 

(J^ ( 4,^^ L ^ ^ TT^Hi ) ^ A«y^ l^ J J Lf J A f Ml l>«« 



(TA-^) 










■ jy i / ^ ^ 




c: .-c y, c ^ ^ l*.^' S ^ ^ O^ ^ *jl J 

^ Lft A I U ^ ^Jl^4yw ^ V *iM Ijk^ • <i “ .*ai»l ^ 

2.0023 ^ 2 05>^'tS*>? 

jl ^ " «—iMf' j L ^k.c '*’i . ‘ ^ '** * (^' it * **S^ j Cftt^ ft l, ««ii^<L{ ft«Xi*i^«iii^ 


J— 


jj ftS ijL^ < (J?-jLi- ^;;l^ tr^ • £^mag = * B 

» 

^ty* Borbil Jjl^^ •^Jt^ ^SjM' 


. 0^45^''^ S tSjI'i* ^J^ l**j^ jl LLI jJ-T 

J-iil J jj V L} ^ u5iji#L^^^ySJI jl 

^ ■XjS^^ C^ j>‘ O^j Lf d^^^ifcA tS f^jlsVi t tzS^>‘ '> ^1^ * ‘•^ 

Borbit = Bi„d =:--xE (r«-f) 

c 

kJ tf“ ‘■*^ '•^ j'^ *j«i 6^ 

J^J* • '^15' ^('') = <7*^('’) 

//® r 

E=-V<D(r)=-—•- 

ar r 

tS^jya jj ^ cu-v^ LiuiJ J-aiu . .ij!^ . LI 

09'^ . j*,j^'j oUv>w<C .^4 fit^ i^ J t ^ ^ ii i t o«<^'^ 

ciiS^ 1^ « jjySJI t ^' ^i w * * ’ (Jii'W' ‘-^ 

c-S^ ^1 • Jj(j 15*^*^ ci-Sjj*- 


>lff^ I_^ ^j V_/ b^A^ (J b« jJ • 

J.K. Jackson, "Classical Electrodynamics",PP. 
380-383, wiley, New-York,1962. 

ft 1^ JO *7^ b^ft f b (J*|<' ^ * ' *AjVa j>i L <Xta> '' ‘ ^ f 

R.M* Eisberg, "Fundamentals of Modern physics," p. 
340. Wiley,New York,1960. 



DV 


j ^ ^ »Mi ^ ^ * jj iii» ( ^iij A 


Ojl.^ >^jyo I j J (^jl ^ (jii ifi'’ I t M *-; 0" <iii t Ij ^jiUgfl^LliU 


Mx ®orbil — + /^j 


■i(;«') 


(rT~f} 


Lh^ » L 4 I f I 4 I*) %MtJ tl/ 


i^A^aS:; ci5^ jly Vrv^ O^ 


( V f tS *.>v^ {rt—f) ^ (t ^) j^ 6jli:;-»l 


Jf" = J*-., + 14., • 0 X 


^ 1 1 

29 mc r dr ^ 


(rr-^) 


o' 


-t<* '-^ (J»“l>^ iS^j* t53X-' U ^ c-JL»- ^J>^ 

^ 1^ I •*< 

} '^is“ v5_;lx ,_y«ifi>bi* 


j'^ X-) i-S^lS# (TA—?) ^(At—A) 6jlix.l L 1^ 

■>^‘ = A, + ,-;^~S-t-;^L-B-|2LS.B (rf-t-) 

(ImcY r dr 2mc 2mc 

<Syj^ tSjx' jlx;:;jl*x (Y'f—.f’) ^5LaAi*^ 

03 J-ts'j^ • tyrj^ o^V* j-^ t5-W“* y ;53x' ‘ 

a_IjLu oj^— tf Cft!^ ‘ ffx — ^ S ffi = — —e^lr •R — — <’(*^*•^^5* y^j** ts'yy'^^ 




J? = J?,, 4 


(ra-^) 





2m r 


aS 


\S^J^ ^jM .J^i Ljta ^(^ijUi»_ ^ 

L.cu^l a^iiiS^y ( xt>-‘9’)tj»y>^ ,3^j lsV<*>^- (j^s’-'-^r 

^jy» . cu^l ^5-Mjj-( jj aS j jjjlj c-rf-jfcl jk:j\ aSoj^jj , ^1 

Borbit ^ J*^)o’^V* t5'ij>* Jjl 

O—t5jicj-j: a^ _pt , cu«l B L j* tS"^ jlj-^ OiV*^* 

r •• * ^ a:J-tt^ O*"^ ti'x *3^* iS^3 OJJ'V* 3 C*-,l |i^y. 


B < Bofbi, ~ - — ;i: 10"* gauss 


Ucr*ifj 45 '^^>rf^ ji^^ i.i-j>w U j Ai'U t fr i (jS** JajU jJ (j^ 

vijj-• • jjli-’l < .a-iL g p. ‘ ^Jji* jSh'^ '^j3» 


-(•— ^j-t "t* 


I ■ '* «- ‘ s{^ a. v ^j > L ^5*4 ”“ cj“ 4 ^^ O 


^ ^ ^^3 aS < j *lJ|f a lib • ^la IS ^ I,i -a I |^w ' i S 

jl c-b-.l OjL^ f ^ S -'**- ? " 


•^PB — -^ c( + -Z - (Lj + 2Sj) 

2mc 


irf'-^) 


^ X v ‘ ' ^ (j* aJtftLia . 3 jl^^Ili^l aS ^laj^ Ij z jy*^ 

‘ (j-^ f -ij ij^ I?-*--1?- \s^j* KS3jt^ 3 — O" <^4—^ 

[ PB 1 cf] — 

a S ^ ij I L; • 1 ^ ,1 P > ktS^lMua ^ 4 . ilL^a^|/^ ^ a Ub lA * S ^ja aS 


•S{ ((i.Bi^jr., 


I yojj j«li;T B l»^l J'i M 

• j Jn fc A ft B I*^O 3 ^ ^^ 





jSf«Hf>^;j- jj-il. \nlm,m^y l^U ,>.1 

jP PBln/m^m,) = A + 2S,)| | n/mj m,> 

= + 2 m,)ft||n/m,m,> (TY —^) 

PB '/'fl/mtM. aS ^_jJL»- J J . I* (JfO^ ^>^'>{Lly 

•XirfT^ ^ CL>jyei^ j Ajijj 

^nfmim, ~ ^iil + ^j^B{mi + 2w,) ^ Y'^ “" ^ ) 

• ^ A A<J t J J'^ CiJJ Mi n »[ I i > 



tS^—* ‘-^ jy^ Ojj'V* j«^ >*>< ) JS-i 

>>vi£u* (n, /, fTtt, fTti) Lu A-I|pu> 1^- " 1^ •” ^ >^0 ^ 

• >A j * «<ii 8 > ^ « ^ . i T i &,>j <J 1|#< A^ ^ 'i OJ J ^ ^ J ^ ^ 


*“ C>~~ rftf **^ 'rWJ^ ‘-^ uJ^iUiP*Ia tS A tf Ji S ^y Hf 





rro 


cS Oiib 1 i«u^ d ^ L«r ^ L^vo ^_^_- 

[./ , pg] ^ 0 

ui^^^Ao I* iwta f . 'U m flu ^ J 2 ^Jt!^ ^ ‘ l^O^jy Lsk"'^ ' 

. s. r ^a> ( } D, Lj ‘ (^y* J^pg 

(f_f JS-i) yJlSjS- 3 J^ Jjti— S ^ L Jtty^ J'^ 



O '^jy* B J>»- S j L Jii— tSj 1*"^ c-Sjj*- (f_f ) JS-i 

(-)^0 

iSy^ iii i ^ ** I» » • I «i^ iJS|^ J L*^ I ft \^f iii^6^ j»l.*ijl La iS 

vlrntf ^ 0<if J ^ ft-lli**» ^ L^ fj * ^-. <i " ^JJf 1 . cl**-1 

( \nljmjy ^y) \nlmim,') *-*j*^^ iSj^*-t '^jy^ 

. iS^y< ^ 

* V I * jISLiT (jlifLajT I I "^9^3 

l^l^, t*W jS ' \b ^ J <a 1^. <1*,!^. i-lftijl j ■ t'U iij^ iS ^ \! J^^ 

j I « I L . IO ^fto^ Ij I ^ v *** ^ »—Lftft.f-i>" j' tSj li^wi t jk^ ^ « ^y^^ 

<\^ 1 1 (J-«i» J'i . ■ •• «< »|j' t’XisS^ li fj^y^y4 U?JJ Cxf^ ‘ ^ ftl5^J 

* & ' ~ * ^J b ^ 


rn 




Iao < aJ«^ Lm Atai/L h^ i 

0^5^*^ C wx -* " ' ^ ^Jif. i c -1 t-«« i ) I f til aS 

• t^yiii aIIa ^ J “ ‘) j - « «> > I^S l S| * < 15m ^^,^J >**< I iM A ;* « |j' >. ' 

^ ; * J Lf i ^ aS CUA^^ |> | i ft LmA J I ^ AaJ I J'% 0 

JkM ^ A Jlw a j Lw i ^A^ 3i?^ ^ fA A^ ^ wd t ^jyt <■ 5|j ■ d^w ^ tJB^ ^ ^ A^ ' * m » ^ j I L^ 

'^JS* Lfc Jt,5j itf***^ j«i aJ , duv I JI >Am ^ t f J L 'S 

f d4wlA«XMw A^*>*ljL%w ^ ^J ^ a<A ^^3 ^ ^,S^3^' ^ ^ jkj‘*Sf d^ * 

dL> « ^ > wial ‘ » A>Aj< b l ,f»Ift *--^^ ■* I 

» Y (J-aJ jJ aJ di«l t.y^y Iaj'^AJM A^y j Ajifj j J 

, dJ^ Jl»I^ jI^ 


JmLm 


Z ^S-lyt aS *\fA ^ ^ I iuj t 4 I * * M »j^ * * 5 ^^ l^ Amh^Iaa^^ A^^LjCmnvI L ^ ' A n ^ ^*^9* 

jl C.«*(l d jL<w 6 ^^m,f[->ljJu O J'^ i ^ . K iy t^ LliM *S^ j-i 


r ^ 

^ + /^. 


+ ^= 


as. 


ajc ' dz 


«A I «XdhO I j-A <S'f^3'^ 3 p Bjc, By u®>* ^ ( V ) 

*A| J^ <A L^ ^ d/L^I U 4 dM/ 1 A ^ 


<fz> = 



g/t 5B, 
2mc ^ 5z 


C^'AJyiLfAi^^ilj J Bjg •A({U •A^l< j^j^j-t A^i^l t5^>f 

. • (A—^) d.^jLo . i>j^' csl>< 'j o®*>^ 

<S3J J'^ ^jIaaAJ^ aS tj tjlAjj ^ §^ A^l^ Ajif^ jj) vsIajI^>< a3^j ( i-iJI) 

• - Vtf ^ ^>A^ dM«l *-- v~ y jy^ 

' l*e*>A X jy>^ iS3J OfAj^' Jtiy^ J'^ ^ dJU- <-5^/ j J Aj j ^1 ( d } 


Y-f 

r-f 



^ Cm I z ^ 0*^^^*^**^ JUii^l JmL^ t cm( ^h 

^y^j j ^ j ^ dS td ^ Lm %w»> ^i»***> L«A ^ !«• ^ 1 d ^ U 

<5-^> = <5,> = 5, o;4^l^ 

^U&iJ^ aS^ 'j ( -Sj ^J^SJ'^ ) '^i -J ^x* ^y { »*-»JI) (i—f 

■ Ajl»»A ,f‘ ijl^ +ft, 0, —fl 

^ijT^Lfejl^ “V^ (3<^^ 3 ArfjC + 5y^ + (1^) 

j(j+ l)fi2= 1(1 + = 2h^)\ jLiSjl^ 

Jj-»v*i5^ J^ ^ «jlx—I j ti—^;J—<^l»- «5 J^L ^ Jii f—f 

< Cl4M><iAi^ JJba^ 0^J3*^ lii*<»l 4 lAiM ^^h>»l£MI f) ^ ^ i t j ^ ti t ^« " jA^ tS ^ J 

• <11^^ (3'^ jliJ dJa^lj J ^Iaa»J*i^ eS .^ tf viUfb Y—P 

[j,,;j = //ij* 

• Cm ^ ^ ^ L/ *‘^lS ( T ^ dJ ^ IjU d dO 1^ ^ k? dS »Si |j i C^li 

%> I — cJL>-jO 5 = ^ ^ ^ 

(y>Wy> i |W(m,> 

• = 5.59 (j = ^) vl)jP3Jtf Cw**^ 1"—^ 

• “V^ 0^^3-w ( i_aJI) 

^Ia:uI j<^ \j jjh>^ ^1 ( w ) 

« 

1^ tf «« ' b^ «-S,< jO «S 1^ aiuma «^,;^l u*.^ ^ { E ) 

j’i kSj^' *'^ ^jS l *lSbi>» cii» |f ffj » 4»ilo « V « 5 ^ji* Ci^_^>' iSj^j* tS33«f^ 

. t5^ U v53* (j*v ^ ^^ 
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Y 

*S f Ij (£U^ ij ^ ^54" L^ 

^cy‘>‘~^'• " ■‘•tf-f^ is^jj<* iSjj-'^ 

jl (jjl,f-w jJ . '■ •• .■M tf • 

I ij L ■ » I" . ««M * 4 iXt JTtt^l (^l | .i» "n »i ,j jii, j I ^^jtCLML/ <ol>»|«'*WC 

*—«-^l '*V'* *‘* » ^ ‘ *^ U ^ 03j‘V* dS 

>i—(Jj>;l l5-«^ *3^5 Cw' J'i ~ 10“^ 

• O—JAf 

CL'jyieA^ iZai ^^i»J jj U aS Lb 

>f^ = Q + 

cuJ^^-iw f ^ • v “ <««>l^j^' VA rfj^ A^ ^ A b 0 O * ~ * “ '^ 

f A b b £# csjdrfjih* aS^ f CIamaJ '^S ^Ali4 bv Lo i iJ ^ 

U"3J ^ 0 ^5l*jtAiA A^^ ^ aJ|<3 j J v:i«Ut,fj>wa::A^ 

Jjl a^j<a j j jl (JS* tS ks^s 

iS {^jj' \ t^ cSj^^ cS^jl_^vs< L» >)|f. * waljA «>M 1^ «A^* J ^ ' *i<,>^-' Orf^ 

. jjj jl^A^ ^^b jl>x»_ }\ 

iSXjJ^y» jl^A< ^ C>t»jAi Ai«*(j ^bt, « aUa^J 

*3«f3 *( A P 03'^) ^ ~ -*** v’ (Ja^( j^ > ‘^ i. «*bb J^oo>?‘ • t^ljlxi * "V A ^ >tfb 





rrf 


j {t — tf}) jLiTjj ^ 'i iii ^j III j^\€ '«*iiii,_i‘ LL jjT 

Afitlyj. 1^ Jy^ jtj ^3^ ts*^ 

!/?;,/>= exp[-i^(f - ro)/ft]|£..°> = exp[-j(^o + XP)(t - to)/h]\B(°} 

v5^l5« Jy-al ^3^ • O^j f ^ I jjT jj aS 

jjUj c-JL^ '-^ dA^Lfii* 


^./0= l<e/l^^,OI^ 

^1 j I 1 j I \j ^ CUmI dt v”*|fia^ 

j—^ jj ‘ J'i 

* ^ » ft > ^ Q A U ^"4“^ O”^ |» '' «ill tJ r U r Ub J I 0<kf L^ aS «A 

Li io )J| ^^ L < " im I « I ^ ^ ^ ^ 

• r*^t5- djj—^ 

*( cPjj) **1#^ cJl> (^LL t 

mMt I ^ji *O U I I I <Xw L( \i i >X£l^^ Irf Lfc aS «J|> | ( l ft ^ ^ 

t i>rf^ '-^*-< '-^ l5^ j « ^*" ■■«■ ft L^ iy^U' 

|e.®) J |e,> 

•»^o|Ei®> = £.-°l«.®> ( ^-Y) 


i 


^|fi/> = (J^o + A(^)|£,> = £,.le,> { T - Y) 

tjlftjjJj ” l| . >* Ift '^jyj'^ 1 ^ . I*i 6 . V < .V*> >a JajJt I aS ^ j L? . I q l®i ^ C)"^ ^ 

iA.*« ^ J_5 L^ ^ J |^|l «y jAJb Ls • »"4M> ^ L«S|J t ' Li 


•iij Ia-* I A^ \j iS I IjA^ LlJL««I Iji^j I * 

• liii (JU»aI ^j tx? A< A I tf MtjA^ 


0-1''l‘^. 


I 



rr <3 


(ezJ(i> (jLte 


L»l . jl JvLw^ A jl c 5^* V ‘ A: >^ tSj-' «Ojyoi-j Ij ( Y~Y ) v'>?" 

. JjlJ A <5^3^ ‘^->*“ Otf* >-£le>T 

^!ki i JJsl^ jji ji 


|£.>= lO + /l|e.P>> + A^|£p)>4- 


(r-Y) 


e, = £.o + ^e(i) + ^2gp)_^... 


(r-Y) 



j Ltoj I ^ ^ ^ ^ ^ ^Lb^I-wDljt^ ^ I 1^-.**^ • &1 m*^ 

MM Lo ( ^ ^ ^ ^ ^ * JLi iwtJb La^ I tAAod^if^ 

O *>^(^ >*^ 

j J,j^ j* ^ « Aw ct5^j.{ Jj^ 

• 1*^.^ i^J4 

cuilj ^1^ (Y-Yjj-i (f-Y) 3 (r-<Y)o'i>i L, 


(jfo + ^^^)(|e;'’> + A|8(‘)> + A^|£{2)> + ...} 

= {£,« + A8,?‘) + A\<^> + •••}{|8,‘>> + A|£l‘)> + A^|8l2>> + •••} 

* ^ ’^jS ^ *i >« L^ Jj 

[J^olc°> - ei'lE,")] + [J^’olc!") + f’lc,") - £,“|£!'’> - e|‘>|e,">],l 
+ lAlcP') + f'\4"> - £l'’U!"> - cy'lcr’) - £P'|e,W + ••• 

= “ (0-Y) 

f Lj^I^ X'* ^ ^ *xifL X aJjLa* 

Oj^*^ ft > CImMk^A.^ Ij J^J O^JLaA Ai L m L i) dL>l|M7 


J^’olE°> = £”l«/'’> 

Jf>„|4'>> + = e»|ei‘i> + e|'>|c“> 


if--y) 

(Y-y) 


bMk> u S [ ^f aS dw I 1 J 4 j t X 





A|eP’> + = 4 "|e!”> +£”UP’> +£l"lO 


(A-Y) 


t I ^ ^ '^Y ^ ^ lp> iS^ ^ ^ O itf> aJ Ia* 

L Lw ^ I /i dJ*^ in* ■ 1^ Lb^ I Okiu ^ l y»^*S 

iftAi ^jfA l*^< l. '!K| *i *N < rt l> I ^ *^Ci**« ^^ * ' " iiii j * ^ ^ -i^ 

c aJm L{ a 0^< & J*W ^ L{ 

ia-fc< ^ (^5^ *ii.r^ {jrjj< ^ 


le|'^>= Iflo-’|e/> (/=!,.... 00) 


(‘l-Y) 


aSJJJ h (J* IS ^Sfi Lft j Bj^y ^jzij CUkk I j l>»it - ^o i { I • '^{S* ^ ^ 

< i\ > Ju* p^lj U Lft « -ii I «i <-««» '^ ^ AiS jA 

c-il J (Y—Y) j«^ (H“Y) o*^-K U • f ^ 


j J 


Y, (£/ - O^li ’|£/> = (e^^ - <^)|ej®> 

J 


()p-Y) 


, <ej®|£y®) = d^j jl ajUi^wI j <6*®! j'^ (^®—Y) ^ 


X (e/ - = <£*®|(fir> - P)|e,"> 

J*! 


(£k° - - <^k®l ^^1 e®> 

*->V^* ) k = i ‘ *jt 

fi{‘> = <e..'>|P|e,“>=K„ = <^'>, 


(n-Y) 

*3 ts'x 

( »V-Y) 







1^) jiaii ( f_Y) j' «jliiu«l L 
aj = £i® + AK,, (\r-Y) 

*• ? * » '■ * *' 3 i ^ ^ (1 ) —^Y) j*^‘ ^'* iJ^js 


(6*°-£..>}‘>=-<e*‘>|P|fi,«> (i^k) 



(n-Y) 


. C4wl (j—<bL:u Oitf^xLi< £;® ^ ( c^l 40^^^ L; ^1 r i.:iJl>' 

'^y^is‘ ( Jj' ^) (T—Y ) 3 { WY) j* 


i«,> = u,®> + + >11 -HS i«/> 

y,t l £, - £y 

L 

= (1 + ^<l!,‘')lc»> + X X _-5%5 |e/> 


— .. o » 0 

y^( £j — £y 


( t4-Y) 


C 4^ y* ^ ( 1 A“Y ) ^ l. ‘ *" ^ll^ ^ Jxu 

^i_^l^< )}" j\ j 1 ^ • '^U A 


1 + Xa\l^\^ s 1 + 2A Re a\l^ = 1 Re a|/) = 0 


, L( 4 * «^I«A tj A J 4^i2 j» b bkL> C j Ua Hi * I i,J^b jig'^ li» iS3J 

CUwIJ ' J^ jf 0*V 


®f — + XVn 




l£j> — |£j°> + X 


- J' \eP\ 


( IY-Y) 


^T^ 


X Jj' *-<^j* I- 'VU *5) 



iS^jj Y 




( lA-Y) 


'^< = '^<“+'11,-0^^ 
J*i t-i ~ *'7 


(n-Y) 


ijTjj <5“ 




(V»-Y) 


1^ cS Cf^jj () Y—Y) 


Ul l^.vl 


amja 31 Y 

bjlj-Ji* j 1—*jtf3 tS^X b 

•^x ( ^”*Y iJ^“) '■^ jS^liw^ *4«Xi£ Jiij«Vft:7 is^ s " ' '*• **^ 


= J^0 + 


< ^ ^ L^ li « A | W ^^ >Syl tS 




t CmwjJ 


6 Lt**IM I L 


“ [© ' fe)] (* = x) 

( 1 A—Y) ^Ujljju *3^j j *x^ = (/» + 3 

(i,Ij ^ Lm* * ■ V tf' »v X ( ) ^“Y ) 3 



rri 




m*n \fc» — / 


(T^-Y) 




= (n +!)*<„ + A ^ LV^ e-'X^(V5x)^‘ 


^ e, = e,^ + Xy„„ } 


{ 3Aft^ 


(TT-V) 





<5L*^ J tf » « * U* ( Y) 

, , V , ‘ i ** ii m Bt ^ oL|f«S 

\jSiiSjlo *! > >»« U (Y I^Y) j ^ 4 l^ 1>n4 

jl fc> « tf~ > jio\^^ [ ^ — /I I > 4 |> t. i^ Lf al^wLa^ <S 

j I L^ • «A ^ ^^* + 4 — 4 J ^ *4jU<m»? j*i (5*^3 C1«|#4^A 

^Vb”= Z 

f = B-4 






c-ilj ^ ;jj >.4 ts^j< * *x# 1*:; Jsj-i j 

y^n = f dx=.0 

•'-00 

«' C <— xC Lfc oJL> ol > i |f» <i /ir > ^5!^ #5 <j;> m i 

Ij ( T 1—Y) J'i ‘^>?->* 

j_^Lm ^ " i<M ,( ii»i i-S^ tsjA^ *<jk*L£ij < i^j-^ 

kSjA ^ ‘ ^ jS* * *■*—oIi rt> i.i * M 

■ ^ - U ^^*** Jj^ *^>* < j5^J jlf jL<l> ^ »iiiLi« (j^^j*^U fc<*^lju 

b *S^^l^b I jlj jSfJbl>»- jjLfij ^ jj LhA • JkJ^M* dOkibLuft to^jL ^ ^it 

< ^ ^ b^ • <JC I <■ »iii bi* bbjl JbAo I* ^ P ^ A^Mut l^*« ^ * JL»ld JkM ^^«i>i4ll> ^ p _ ^ J 

‘ *y^} S ^ JS ^ '* ^i^*^(J* «- " « f * «« ^ Jjl *-P^ jl aS 

. jkj» Aj^ij 'C^jyo ^>{l jJ 


fj** V3j* f 

• >1^1 A (Jp^ * J* ki» l>»|(i^<ACJ b Alt I 

ij-fl»( ‘jrfb J^ IS<J^ t3ifi/^ l»<|^ » »rf>" ^^l * 

f At th j ^^“**1 ** tS^3 * ' ^ *‘**' '” ^ A a i ^ Agfb 3 * « V i VA AiJJb bt x 

0^l > ^|^■ ‘> vi a l» [_|jI j ii ^ Ai* JlJJ oli^i(i>»i«a5 ki# 

Ax^ i ( AjC^ t5^*^) aJ ^ «»a ^5^' V i^‘ b fXU*J^ * J^ * <XJ^^ 

i\ ift Ub^^OJLt lJ^^ a t**^A O** ^ ^ 

^»« = / ‘^■^ ^ V.® = 0 

o l iii. Mtf‘> <. rt“ a5 m*— L >* »,^ I j J . <^b JI^S^I jufj ^b ^ A oP O'^ytA^ 

t niJiiS^jM I Xff^ I ^ J >1 A^^ 

J L i A Okt T iJ1im>«^a^ jJ j I A.(I!^ bt! A A 1 A *V »i> I ^ /v~Y ) t3^ ^ f} J* kH/^Aj y 

Af J^l 6^A^ J'^ aS < ~iiii I jij AfLSkt ^blS ^ CImvI <—>1111 jtM l_b^ !lj^ * A'tjf^ 

«^^>0 AA^ • ki*«i.l A^iij 







y7^- e,'' - £/ 


(TT-Y) 


•‘‘fe.7^te,-^-.7?i?l'-'>l ‘"-’'I 


dS ^jU; ( YV-Y) j £ji> aJLL 

£j»=F„ = <8,“|f|j«> 


*1” = s ,4^=<e,“i fi^v'> 

j*i^i - «j 




£,''>=<e,»|(>|e<'-‘l> 


(Y6-Y) 


AifJtl P j* Vi*l^ktul>»* j-i ^^ ( P ”1 ) j* 

L, ^S^ iSjJ^^ (j-«^ 

L< . » ii ^fc LjAb ^JS>x,iA^^ 




• = (-.!)- 


'^■°=[(;)'”(24i)]*”‘*"W«) 



<s^3j y 


rrr 


jJi ( Vf — Y) 


£ 


ft 



fia> + 


y 

m^n fta>(n — m) 


= f* •Ar^Vn" ^X. 

‘’-<0 


• (T —Y * '■'*) I a.^L»u 

jiji X — A 

j-L>o >1^: i^ici 4i<JI . ^^tjf* ^ki/(Ei*^ “ £*°) iJi*Li (Tf—Y) jl 

Ia^( t|tflaJ LiJ J3^ C>>^^ i UI • i_i< " <■»>JL^“^(^>ii^ 

« AJaJLkA ^ dAM#l 

* 15^-^ U 0^t-+^L: jf" — 3ftQ + X9 *\<^3 / ? 3ft 0 

*■■ 'Sd ‘ Cw^ U( j r ' * ^ ~ < ' ~ LS^ArfAij^ 

'^U J ( < j" < • ‘ i ’) {^ 

j «A,^^b J'^ ' '^-K(5* Of» b 

‘ |fii> <s^ ‘ !>• 4^^ « L»l« VZ«M>I 4J J i>.' » <«J' O^ljCU 

U ^ J Ai*“U 

• ^ 

^Uoj^1 4^l><i» tSft iS v:i4M> 

Cf-*<'^ *■< <Sfi r J>4La* J3^*-( • f^J-C *-Pj* 'r^J^ 'j 

*« V At>^b y 


l^'> 1^ l‘”> 


(T^-Y) 


Jtt fZ mtj^ / 6> (J 3 ^ ^ <l Arf A j /'^ i^ 





rrr 


g—e* ‘ ‘ ly-:JU- . (J^ jlaLs (S^^ 

i {Sjj ■ Jj ^ ^ <1^ ^*tt v ^ ^ Y 'f^Y) CS^I^'j *1»^ 

^ I ^A ^ 1^ Y Y'^*Y ) iJ^ ^ aJL^j^ Aii^*if ^ 

«. = «.° +(TY-Y) 

1*^0 jl^ 3 |*iif,;e^ cAir^ jU •! *-^ 

^,•°=e® (/=1,...,^) 

J'\ ‘<"m<|J « «JU IjC« ^ ^ * *^_J^ ^ ^' '^ I f (^l^- " * I ‘ I = 1 , . . . , <S < I £,■ ^ 

t aIa>* L«« ObA IjC«a ^^ ^ If * ' ^ ^_< ^ 

.I^SaSa^ ft iMl^O ft < h Jl^'i 4^ L^K J.> ' ft-C 



J 


~ 1] 

i= 1 


(l= I,...,i) 


(TA-Y) 


t 


,,!w L ^L>wLjbOMvlj 






<£.-"10=1 

i Ajii/c/u.”)- i bTjb^Sj, 

j,k=i j.k=i 

= t|6,;|^=l 

J-l 


(Tt-Y) 


a —IjU. jJ |s,”> ^j^jISi, 1, . JjjS^ ,>«•: Ij " iei>-"j^Ui;l fc,,- v<l^ 

jtU ' (Y—Y) Jj* 


j^’ok!") + <^|£,”> - £,”I^!'’> + ^!"|e,”> 


(r.-Y) 


'jy^^ 



(S^ij V 


rn 




i=i 


(n-Y) 


‘ (Y'®—Y) (TA—Y) 5 (Y1—Y) ^ • |Sf**^cy* 

Z 4] VU/> + i i + eP’ I b,j\cPy ( TY - Y) 

j*i j=i y=i j=i 

jj Jjl s t eP = eP = £® ^ s cs'x 03^ 

^XSi OJb ^y>‘ (Y Y^Y) ^ iSj 3^ ^ 


f oyvie/> +1 <^'>,/i«/>=£‘’f‘-y'ie/>+«y’z*,;ie/> 

J>* 7»1 J>a j=i 


(rr-Y) 


Ij J td jlt’iiml Lf y * Ci«**'l k — 1, ,,.,J ‘ I ' 0**<“*' 


>=1 





1. 


(rf-Y) 


(^IjU jl cs'x-^»" ^iJ tS*x o^il^Lw 

^5—4_5,<J «JSm^ <-S|< t^jyo^ Yf—Y) ‘ 


( 


11 


si 


Vbj = 





(tii-Y) 


'^3< 


( Y WY) u“J W«irt J’X' 



Il^yl^ = I 

]=i 





rr& 


• *XeUt, «— 

( 3 V ^ *' ( *«x^jl ‘» < 1^.() 

• V ^ 3 ^ fi{ ^ ^ LmM* J I I ^i * j ^ 0**<< I d<J L^ oJ iSjJ^ ^ J ^ ^ 

c A ~< " ^ 3^j^ Af tj^j^ 0 jiO i-V* jj^ i3y **ijls 

* «3 *“'^1^ A Okw AO ^ 

Q«—|£j°) AXi AjI J jl jl^ ^ ( ijJlj 

t Ajli:i>»l j X j 


V^/<e.°|I>l*.°> ■•• <«,“|f’|e,‘’>\ 
Wlfl^i”) ••• <«,”|f’|£,“>/ 


(rf-Y) 




/^»m\ 



(/ 1, . . . , j) 


\6./ 


(rv-Y) 


■--jj-"* j LW^* I AJjAi^a 1 ft» AA ) y 3^ * *^ rf 

^°> = ZM«/> (rx-Y) 

j=i 


• *A |^ A«^tjC^I 

U l®i) * V ^L:2 w» ^UjI^ A^3 ( ^ ) 

c (,5-^ * 

£,=e° + A£<‘> 0 = 1 ,...,J) (r^-Y) 

Ab^^jj ^J:S^ ' i eStjjjio^^ (ej^^ ^ ej*^ / ^ k) bUlj^UsA Ia a^^ ^^l < \*y»^ 

• O^ 3* Jj* 

jAiOA ^I^JkAA^ < AalxM Abilbl AJ jAi > <A t Ij L ‘> < i * I AJ jA y A3 ^ 

AjI J J** ^3^ *^>* cA~^^ XrfA' ^ f < " *** ' *'*X 

^)bi0L.£ < J jyt aaI>iI Ij 



C5^ij Y 


rtf- 




(f^-Y) 


£,■'* O^?"' {Yf—Y) {j ^ i) _} o*^ 

• « >XX>tLf L; ■ ~m0> ^ jLte l-ijJl» 


£/*’=<£.“ IK I e,°> 




E,.=£,« + A<e,«|K|£,°> 


^ *- ? v ^ *-' aS 




ojj*^ jj ^jLi«(i jl^ Si jj ^ 


uS^biid^l iijyjAifA <S3j E '“—O^'V* 

S < jIa*— j} O^y'ts^ ‘ {£3^ ,^1 ^1 

* Ojj‘^1^* j*^" I^E • dr = eE • r U ><^x ‘ 

il»^‘jL>i# —p • E oj^if *x;ly:,_54 ,>-1 

J I ^ " ^ H rl Lb • * d4rt«r I ^ I I 
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siark = :;-+ eE • r 

2m r 


(f l-v) 


j • < " <i n , p i f < A,j h S a oJ ^ tsLfc4 J bu j ^ ‘'***'^ ^ ^ 

t r —► 00 —fffr o 

O^^ J^Orf ' ** * “ ‘ ii ‘ * «l^- r *iJli>’ Jaj3^4^j jIj 
L^mUJL^. JjIj i»* w I A ^ jlxTjJ Ij U'^ 3 * ** ***‘ v * * ^iu^ 

i ^ ij « ^^^3 A^^lh3 0||^Jj tjS|^ ^ J ^jP j ^ 

jl A>Ai i t itwI ^ O^3^C5^ Jlw J ^ ^ 

• J-*“ "V** i5^3J 



rrv 


(jjj J J ^ J ^ ^ j J C5^- V ^ ^ 


3 A — -\~s£ o"^J"^ ^ ‘ ‘ z j j*K > JI lii'jj I jJ E ‘ • I^‘'' I L 

• cJU « * \nlm,y jj . ^-i < .1 V — z = r cos 0 

jl Om«I ci-jLjrf « ^ ^ f- —Y) iS^ji iSjj^ ^ 

Ae<*> = +c£<100|z|100> 


jl ou-l \j»tjr^ U ; j 

<l(X)jz| 100> = J^^f^oo^ioo 

><Li<« *—««l Jljii;! ^b < o««.l tS ^b z ^ ^b| (!»?■ ‘ 

C-JL»> jJ i^jb^tfl j ' o»f^ 

. JjIa; 

j 1210^ < 1200^ i*!.' » » ** <i>I ( ” j bj<- ' ■ l l>‘ 

V lS^j—{ f x'f • ’ V ■■ " ■*« ^ £2 = £ 1 / 2 ^ 121 + 1) 

»Xf'J I Y^T ^cS Aj b wyd ^ Ai/ b* ^ i w y^ • b **< 

A '‘)||| Jj Y X Y b Jtf^ brf tS A tXftliUa* > “ »III '^? I* 

o*i»l <p ^ j‘ «A ■■> *i<jb o>3‘ • |21 —O ^|21 +1) t54ziJl>-A^ 

^ i i ^ ij) A“ iii ^ 1J ^ li 'V 1 *i 1 ^ Li ^jy^ b b A 


<211|z|21 -1> - <211 |z|2i0> = <211|z|200> = 0 
<21 -l|z(211> = <21 -l|zl210> = <21 -l|z|200> = 0 

iSjj^ L>a^I^ , .^ ‘ > z >«Mjt ^^L»u^l A>£^*»«« 121 i O isl<p^L^ 

(_gl '^- aS A>\^iz • '^y“{s* <21 il|z|21 iO aJ^^a^ 

Ai|<j 1 ^^^.Mw 1 A lif iirjA^ iZSj jt!^ j«eL«-P 

A -fc5jb~(l Jjl j'^ • loLfSl JljSul '^jy* 

. jjljj 121 +0 (^ly^b-A^ 

Lls. ■Xiyit Aii^-bv j200^ y |210^ aa^U ^5b~^L^ 











<2I0(zl210> = <2001zl200> = 0 


<210|z|200> = J^Jio r cos O^lt 200 * = 


— —"ia 


OJb A * *t 1^ ll ^ I* • 4k^uw li>%* 


^ /<2001 r cos 01200> <2001 r cos 01210>\ 
\<200ir cos 01210) <21oir cos 01210)/ 

■ (-L ”?) 


(-L 


0 = 1 , 2 ) 




(fY-Y) 




0-£</> -3a _ 

-3a 0-el'> 


= ±3a 


(fr-Y) 


*^3 ‘ = --3a i eV* = 3a 0*^**^^*^ ^ 

^1jw4 


'•-:)!(-:) 


^ b. 


",/2( + ') 


(Tf-Y) 


3 n = 2 jlx (jlx >-® 





rn 




|2i±i> 

==^(|200> - |2lO»[t5i?U«^U=;ea) = +eE{}a)] 

12 ■ > = ^ (1200> + 1210» [ Ui, U = A£<J ^ = + e£( - 3o)] 




12,1,0>. 12.1,t1>, |2,0.0> 



T 

3tf£i7 

4 


^eEa 

± 


_ M,o.o> ___ |i.o.o> _ 

E E 

c5jb<i.l J^l ^ t—Y) 


1 > I A|f 1^ '\l ^ * iluLj A '"^ 

Lsl-<r ' * ^ ^ o”^*^ O^-J ^ l^i°^ V*"^ 

j\ ^A f ImwvLm a f* <j* I j « 6 A^ ^ \ * i ~ i n i A n. ^ A^ ^I>Lw cS|^ 

^ Y*^~~*Y ) aJi^Ijm Lf I^*i»^ A^ Omw^ ^ < * I A * *^33^* 

, Oj^5 ij^<t}tt* (j--V< '^j^3* 

• jl'A*— jjSjS^fcAj^ '^J3* J'^ Asij 


jIAa_ ly jjjjAtf* Y 


jIJm jb*^' (J*b • » "mM |^ * L» 

jl CU-.I Ojbrf • (ff—^) jl 





Im^c^ 


iff’-y) 


O^J*^ iS 


^o = -^.,=-^ + m 3 /(,)=i-^ 

2m eh dr 


i3>* tsK^3J 4alii«,l L Ij ft l* **» o 

^nj 3 ^0 ^ <''•*’ " 3^1^ ' " ‘ f **' ^3Jif^ 

j \nlmim^y jl«i—iiJjL^j ^ ft aS t» v^ iU <.^aJL> j«A 

^ i.i««l t,^Lu . InlJmjy 


' = 2;s 5?- '^=/wt-s 


ft 1*111* ^ A •"'J* ^ O ^5^ ftL^ ^^ ^^y^3 J ^ft^^ 

jiaj I . -AiJ (.5,>^ V Lri<^^ ft^j^ y 4^:^! jISa^ 

l^j 4^ 1^ c mo. ^ L< j I Oa — Crti e *^ ^ J 1 f^^mi m^y 

(nlm, m,l/(r)t • S | ,.> ?6 C(5„,„,. 

y ^ !'*/"»/'”*> ft^>*^ j' 

(J- ts"^. j' ft«ftLk 2 «l L tj 4 ^lii«! ^ L< t 5 .Aft 

. jjS |*,f*l>*- 

j^jlJjL |»Jurf ^;_,^l . C--^ j-Uft-fU S, ^ £, Lr .?f^o , (ff_Y) 

jjTv_.os 4C ^Ij-^Lf . cLi-,1 JaLi t*S ft^ '^y^fs* i><^ 

^ 5 _o ‘ |n/m,m,> »(.yW< 5, 3 £, (jI^U ft>tfj ftJ A*l^iw 

jU^^I jlftjliQ-,IL<. Jbu c-wljlS'jL j J2 L I >_j_^ jl . .x:-tLp 

P=£^+2t-S + 5" 


£.g = KP_p_52) 


(fY-Y) 



•— if QjjjLfjb 




[L • g, P] = \{[J\ P] - [P, P] _ [§2^ J2JJ ^ 0 


aS ^l^Mi 4i^^L>^ <jS^ 


[t • §, Jj = 0 


”“ ** LftjSi*-6 i^l x;I^^U>a^U- 3^ y P t 3^ 

^ ^ l^-^il ii>' ^ 

1^1 jl)w^ ■ ft Lwi*^ l^iU.Icz-MMI f Ljj 

• "^33 i_« (3«f**^ *tfV ^3* '~T*tij^ 

1^,j 1 ^ 4llii i i^^i^kAau &i( j li^ Lil« f 3JSi L^ t Jl£ IjCa J ^ n^’V i«» ^ I 

If • Li ^■■* “ *' 3'^ V Li^*^ 

^fj’mjmj' = <.nlj'm/\f(r)L '^Inljntj} 

(^3^iS> ‘ {fY-Y)j' y 

Kr^nj^y = (nlj'm/mW^ -V- ^^)\nljmjy 

= iO'(; + 1) - /(/ + 1) - s{5 + m\niym/\S{r)\nljmiy 
= WO + 1) - /(/ + 1) - s(s + im\nl\f(r)\niy djy^^^y {s = i) 

('fA-Y) 

• isj^ V 

L»-4j^j i T jjm j «A ji uOi Lf H jdt jlC/L m \nljmjy «S 

flp33 03^^ 

KS33^^f ( YA—Y ) 3'^^] = t^j 3 J = y ^ jl>^— 0*V“^ ^ l3if**i 

JkW i,^j» L> i i V wi^yi > %! <•>" 


^nlj — ^nl + ^^jjmjmj 


® r 

" ^ 2m^P . 


rjQ'+l)-/(/+!)-^(^ + 1)1,3 


+ ‘ . > ^< i± ‘> jfta<„,(|/(f)|„,;> (fl-Y) 


{Jyjmm^ 63Sum*^6^ fj3S jy^e^t y i*<nrl ci^^ju i33 U 4 A AC {Y WY) 3'^ 3^P 

|k—i-AnslS ^J|Jl < Jil« . A^fjf iS^3* 



is^3j y 


rrr 


Cm I 4 ^ \S^A 

. ^yi. Ji*^l 

jl cmI ojL^ (ni\f{r)\nl') J'^ 


(nl\^\nl)= { R„,(r) \ R„i(ry dr 

r Jq ;• 


j Ajfi «s 




, l dV 1 

fir) =^-r^ = ~i 

e r dr r* 


<n/( 4 |n0 =-T-3 ^ 


a^n\l + 1)(/ + i)/ 


\ me*/ 


OJJ*V* tS'^Y 


1 w a-xpls 


ri jO-n)-i(/+i)-i i jI_ 

V [2 n(/ + !)(/ + i)/ J 2n^fl 


= e, + 


1 JO+!)-/(/+l)-q 

,2 n(/ + 1)(/ + i)/ J 



AjIiDul O^J*^ 




ft 1 

— — 

mcd he 137 


j' 15^ L: xy*^ A 

jl CmI OjU* ^la»— 

^yj-j )K 

H.A. Bethe and E.E. Salpeter, " Quantum Mechanics of 
one and Two Electron Atomes", P. 17. Springer- Verlag, 
Berlin, 1957. 





Tfr 


I^J \m) 


-4 


Oi—^ 4—S 4*\^*L: jgj jLs^Li c*jb oc 05*^ c*<b «i_},fJ>i Cw^*^ 

(^t- ? * is —f—^ u ^*’ «*<» r j ) I • ^ 

j I 1 ii^ij«i r » <\tf I j Lv *‘*4*4> I aolw a 

*^^ ' *V- '* '‘ *^~ 0»<^*^*><^ • >'^-^i5«'^^*»-{l^( 6o—Y) 

uS^ j I » |h|^ I 4 1^*^ j ^ L>fc»A j»i tS ( J* ^*l,i.|i»M ? >Ji^l *>i|j >< HI* L{ CSj^^ 

^y***°^ »\ifL jl^-_ X 

I ( «>«ijU •i3^>JLl vk|f l^ tS >ij I •i ^ffi aJUj^ , ■i5^>J« ^ifi Ci *£JMt L 

j \ ,Vn .•ij I «Jl! ^ Il ' «w I^ J ^ * < , i If «M ' 1» ^jMylli I^S'aJa^ 

<J- "t. « . *«“ ' 4J->1*« J*^ J^4-< ( + 

« ^ ^ e—'Y) {^Lfc^l X • OJX^^ cS^X ( W iJ"^) 




= Cl. + a^e. 




(y=i + i) 


(^)-Y) 


* 4 —ilSj-i ‘-^ ( 3 ^ i;*, Jd^ ^ ) J«oi jO jb>.L 

/ t 5 lj—j jIjJUj J Cx** tS J tS^X ( Wy (j-^(~x x *3^) 

(^=y + i) ’^>?-3 

jl xj jLi^Lf I<(j4l5 ^yii^Lfe iS * &.«^U- 

^ — •^cf + (XJ J La ^LbdJLtJ^^ 


Jp 



r 




^L>4^1>j<.5^1^I " »*M > ol^l Cx^ * 

. ^ySt0y^ tJldlSLiM I *T‘*^ 





Tff 


4jl j {6 1—Y) * U I^O'^j^ jI jliu jL^ ^51 ^ “ i IL>- 


OjjA*^ j*^ Cr^j A 

^ jl>^ljj) CU> I Lia tj I »-S|< >4jlj I i-S^ ^ 

JLiitf Aft tft 

Jp = ^-1-{iifj + T—(£j + 25j) {6T —Y) 

2fM r 2wc 

iSj^ ^ ^ ^*** 1. * j >4 * M i jj t* ft i {_jJ>J ^ "^Tf* y jij j Lli-LwA^ ^y^jn C.< j«i 

|»-ft A 4 Ij 4J i>5^ aS ^ ^ i ~ i> 11 fl> 1*3-^ • ^ LwjjSSJ I 

jy-^ y'^ j'^ 1-^ ^ ^ ■ tf^ * IaJ v^ t .’^ l ' i- ' ' I l ^ *^ ^m ^ ti L*At \Sjj^ ^ ^ 3iij j l-i^ Lw tSjj^^ 

( ^ T^^Y ) 3 ^^ 4 L> ^ * ^ ” <iw ^ ^ *■ ^i; d*4^^ <\ i<hJ aS" 

^ iSf^ B o'*^) JI—«JjJ-JI j 

L* I . Cl^ J \yi ^l<«. » w ■!jyt f’ JyiAj J al aS CUw I “• C/“ ^ ^ O ^* ^ Cw ^ 

CS ^ »^ ‘^ A4 iS ^ L * ^ ^ y^ J IS^ ^ 4J jjA. 'K j <■ ^|j< Oyw ^ ^ Atf Arf? ^yjiS jiX4A^ 3 

A-rf_yA. > aj 4^ ^ 03^ * *^** ^ ' 0*<wl 3iJj J Ll^Uii JI j«i aS « Ij V-J Lc 

*4<i < V I P> I j.>4«> ttx 3 O ^^ Ol ;K |f>>i< a . ‘ J 4 ^XmL; \ftljtnjy >4^ L 



= ^ <«(/"»^ I + ^* I 'fO^j} 

= ^ {Wy fi + <;»/y/Wy 15,1 nljmj}} ((if - Y) 

|«/7my) cu_JU> iS^j—i (Vf—.f) U (.S^y j.a^ 

j_ 5-^>4—• . w l>x i“ iii » §^ \ ^, “ Sty^y j/lZ/Wj/Hj^ O^?" • A^-mL^x j/l//7Ij/W,^ v.;*i<»^j^ 

\nljtnjy clJI> jJ . Ij ’^* o«»lj^ 

J ai S AAJ ^yt J I aAA4 L^ ■ (* ^ Lj*”^ a Vl' f OaSJ J ^ ^ J ^ 





(T-Y Jii) 


<S) = <Sj> = <(S • 3 „) 3 „> 


(a^-Y) 


Uni^ I ^ I a Ul fchy 1 L^ * dMw I ^ ^ A *A I j A ^ ^u ~ ^O ^ ^ ^ ^ 

(3-§)^-£^ P-2J-S + S= = £= 


J-§ = i(J= + S^-£^) 


<s> = (^^i^ 


Jji Jjkl^ (^f _ Y) 

iCiCi-y) 


Z ikiya 


<S.,.((£1|-), 


inlsjmj 15,1 nlsjmj} = ^.ft (^^ _ Y) 




^v;<^\ /s 


^ *—?•>' 'Sj = ^ ^ jl'ij—< (T—Y) 

jP J J>»- L 3 S szSy>- B •> V^ 

. B J>»' J 







rff- 


jla 1 ‘ > M ^j?‘*i>lSLt>i tS ' / • ^ ^ T^Y) ^ o-niS"j L If 

^emLJU^-,(,y) + s(s^n 

2mc\ 2J(j-h]) I ^ 


^L — 1 + 


= 1 + 


9 ^ iJw ^ aS L^ 

y(y+!)-/(/+ ]) + 5(s+ 1) 

2yO+l) 

< J = |, j~l±\ (<1A-Y) 


2 /+ 1 


Aiiii^ (<5Y—Y) 


^ ^ J &f A~«ii (1 j j2 *y» fjtnA’ L**o J ^ Cl*** t Oj lf*C 

^_^jl jxlLf j = 0 jS"! f ^L ~9s ~ ^ xiL 1 = 0 jS"! , o*>»l S ^ L 

' ^L = = 1 

(f-Y) JS^) 

‘,j,„ = ‘. + «\{^ (t^ - 2 )j + u.Bg,m, (^, _ y, 

9l C1<jIa “ ** ^1 J jIb aS 11M *> ^ Y J Lm 

■ '^>“15* j^j ^ ~y + i) 

*^**1- ^JiA,ij f i>rf^ * 

t A "ui^ Af '-V^ * '^—^^15* 0*1?^^^ \SA Lj' "^ tf * *-*rf** 

~~CW** ^ oT.)"^ aSaJ^m,!^ 4 ( ) 4 cSLf— 4>*4 

jtb J ij oJ ti^ I 4 <*' «li> I l_* IsS I ^K*» J I ^^L>* i\ i'mmA) A ^ytS V.S^ J I 

, ^ ^yMi Cl4> (|f I Ia J ^l^ ^ AHJaJ li* 

’• Jig) * 

E.u. Condon and G.H. Shorteley, " The Theory of Atomic 
Spectra”, P. 152, Cambridge Univ. Press, London and 
New York , 1935. 




0*tj (T—Y) 

• ^ ^ *« * 

UjAi^ I3 ^ «VAiij^ — 5 

lA<^ 0 aS^^d^jiiLS^jy* ^. “ ..w v *" ijf^s 

Ixt ^ I4 ^"iiiij III (J^ ^ L* ft tS A.' ^jH i * ^ ^ f'~‘X ) J ^ * '^y^ Alif j$ j *■ 


^o) = 1 + i fV(T,)t>(T„ /o) 


(vJjl fo-Y) 



(S^J^ V 


rfA 


tS 

ji{i) = J^o + X9{t) 3 t> to 

^ ^1 o^—Y) %w ^ ^L®j j^ h, \^ iS tjc ^ ^^ j jbtf i ^ 

-L^ ^ 


0(t,to) = exp^-^j^{t- to) (v^^e-Y) 

j ^1* C j, ,J* b > •• » > ! '' Q 6 « ^i.“"i ^^b ^ L>- U . 0 + ^ 

Ij 0(t, to) ^ c*«l .i-UAJ^Lf (f'e_Y) 

*» ViA. '>^^ 

0^^\t, to] = exp 1^- ^ j^o(t ~ h) 

( v ^®“-Y) \jr^y U Ij 1^1 «S ow<l o^ 


0{t, to) = exp[- ^ [-^0 + - oj = 0(°\t - to)exp| -^^^0- 'o)j {? ^ - Y) 


J J^L>4^L> ^J^O c;***ij jt ' ^IS” ^_Y) 4^ (*i<^(^ . (SfAJ |*L^Jil 

* 1^ ■ I* Lf ^ ^ jA ^ * "-*'* j ^ ^ 1 JkrfMMMrf 

Cw* ^ . Om»I "iU e,b ^ 1, O'"' ^ Oo-'l-'J^.j 

^ ^ A (^l^wl^ jl ®* V * * ‘ >. '^ lSj"“ ^ A 

b J-fb^ ‘ 4 J IjI^IbJ J J 4$^ Oulil jl jiA<X,f.>i^ \Sj^ ‘■^ ijp^'^^j 

0 ,jyrf» 4 -; jytj* iS^ • 4 Sljl Ij ^bj Jaii 

0(Mo) = 0<>, ^o) + z 0<">(/.ro) (^^Y-Y) 


Fl= 1 


•V^ 4*>l^ <^bS4^ iSj» (>1^1 * 

A. Messiah, " Quantum Mechanics," Volume II, PP. 722"- 
724, Wiley, New York, 1962. 

• ty^J vb^ J* V 



rf% 


Ow ^ ^ JLp» ^^JlJ^ 


.^J 


A^ JL/ j. 


X O'Wo.tjf'wO'^Ct,,!..,)- 


i^'”'(i 2 . ti)%i)0"’'(ri. 'o) 


* »\ I* L ft I '^jM>im{ cuw^ ^ t—sJI f' 0—‘Y J j ^ i ji ^T^Y) I"** 

fj ■ I tf AJJhJL} La^ I_j JjI t !« ■> ■ Ala- cSf^J^A^i X IS^) C>»f^ 

• J i * lj ‘* 0 < A —* 0 j.5^^ ' 

t-^jP < ^u ^ ^11 — I « ^ ji ^i f 0^"^ ^ ^ ^ ^ A 1> ^ lS^<H J ^ V-J^. ~ jpt^ 

O W U ‘ { ^ ‘• a -r^ ' j^ _}! < a5 ^y<J^ 

jl-*S^ {j^rf ? ***■' • *^3^t5* (J^ 

• *“*■ . *** ’ " tS^Otf* f3 < - * * 


^ju Ij *ljj^ I ^ Lb J I jS ai* ^ O 


{J>j* Ji;-*- 9 o^->*^ ^ (HfjA j'^ U tS‘^-»>* 

^J- ^1 . JuiL. I £,°> "!ib* « J^o tSlf-^U- A>iJ ^ = *0 

CuJL^ J^»w 


|^„ I> = 0(<, <o)|£,”> 

^^ ■ ■ > b J *'*“» • P (S^y iJU^ I jliiT ^ ^o—Y ) • *^>“^5* AJ 

« v::mI T = < — <q (j-'bj 'b^l^ 

.0(t, to) = Oix) 

T ^ *-‘*-^-* Jk^ j 1 ^ I ^ "^bki < 0 oJ ^ * **M |j iiir A »AA Im« 


^A w^ ^lO ^ *^A > t J l.^ ^ I j K 

R.P. Feynman, The Theory of Positrons, phys. Rev. 76, 


764 (1949) . 



<S^9j V 




(?^r-Y) 


LaI«* J-” * ^ \ A Ijjiirjt^ y C>J I d«J L>-J ^ ^ J Loll^l r J Lm d I 

* — ' « ^ ? ij—-I . j J / > •• < mm djij ^ l_>*^^^ 

. O*-^ *7 

• 1-^ oU (^j jl«i5‘jL:i>-l 

Ij e/ j e,.° cJU ^j(:^c±j,1 


R„ = lim - lim y 1<e/| 0(t)|e,”> p 

t-*0O T-^OD W*^ 


(ff-Y) 


irtA^ Ij ^1 A^ ^ S i fe Tt Y) *iSj^ ^(t) djliMMil L . ^ ij 

j?y = lim i-j <£/| 0 “|£,»> + <£/| f; 0 <'>|£»> '} (#- 6 -Y) 

f-^ OOM^l B=1 / 

^1 ^ L 4 AaA ^ 

<e/l D°te,°> = <£/|exp|^- ^ J^{f - oj |ci°> 

= exp ^ Ei^it - fo)j <e/1 £i“> 

^£y°l£,°) = 0 >x4L j i di:^! ^U-aj L j 


R.j - lim I <£/| I: Oi-VOIe,”) ' 

t->oo AT 1^ „= j 


(f?--Y) 


< <~MM^ A L» '*■ 4,f ( ^AA>|_y^L>> J 0»J1>-Aj I VsJ j! J I ^ « th T 

jl>A—^ y /?.y —> 0 ' A ■*-» 0 ^5^5 • C1 m»I «.-*»» 1 I 'm! ^1 M Ai*.^ a5 

jai Ij k^aill-t^ > a OmM ^ ^ .Im (j 6 j(^ (J-» ^ 

^ I * " M l* I aJUb 13 ^ / ^ L m '^ AW = 1 ft L» ^ l^a * " iS CImM^ J 

a ^^lUa dalr (? ftS Al^wTa.^ ^SNJ^ i ^ «j C idWA< Vii- 



4JLff £5^ 


AjxU— JjIa^^i ^5Lbjl^_ \) 

d^v ^4.1/ f7 ^ 1 * ^rT ■irxJJ ^ ( 6 ^ Llmw ^ L/ ^ ^ ^ ^ ^ ^ ^ 

J I JwM Lf ^ iti^JJb*^ 1 aS i^iJIW^^JiO A ^^ 1 * > 

^(T = r-/o) (fY-Y) 

t-^ 00 W t 

(jjUj jl ij «" «»■ * \S P t5^>f) {^Y~Y) *jlii«I L 

0“> = ^fdr,a<°<(i.T,)fC‘°\7„,„) 

ifl Jlo 

^ i*, ^ ~ ~i ~ 

{^Y—Y) J'^ ^j* <-Si*T 

i? =lim ^ <e/| -if dx^ 

r-«« ax ih J,„ 

X exp - ^ ^o(' - Ti)j (^exp|^- ^ ^(,(t, - /o)j {eP} 

«3^ Lf • dwwAi^j 

expj^^ ^o(ti - <o)] |£.°> = expj^^ B^ixi - fo)j le,°> 

^jl j « iSj'^ 

X J^exp|^^(e/-£<°)T,j c/ti| 

,Uj *S (^ o —y *Js«»# ySj] Oi(j*^ j ^ 4 jL JljSijl 



cs^ij V 


fisr 



r-* CO wT 




■JLxA^ 


(fA~Y) 


ff(tu, t) = 


2(1 — cos 0 ) 1 ) 


QJ 




t ^ 



fj^jS Jjlj L{ . A«JLIa« i^j J Ij ^(OJ, t) jbij 

i^cxjb t5 T y^(<w, t) t) = ^(o), t)/t l 5^*^ (^b 

j I 4 1 *' »ii> I L* c t inXfl^ ^ I o) — 0 ^ ^ (jj ^ ) < r <ii> ^ ^ 


/(O, t) = Jim 

<D-»0 


2(1 — cos o)t) 


TO) 



/(to, t) ^b (^-Y) JSLi 


• ^ (J* dt#* « v « f » " «i*»<. f T b ,/'(^j t) 


X'J-i 




J /(O), t) tio) = J 


2(1 - cos o)t) 


TO) 


..=J_ 


2(1 - cos 0) 

02 


de = 2n 


A,Mvlii#\« jJ ftOl* ‘ ji*iiJ b iJS^ ^ 



6^ JB ^cLc&jIjS 


. iZf^( T j( ^S^ .i.o ^^IxmtS CUm>I aIIiSj . 6 = 0)T ^y> ^|^T jJ &S 

jj (^y) Jii jj 3 ^ ^ « T -»cx) 

i’i ^ < 1 ^ ['w ^ ^ ■ *Xi/I a * c ** !^>L/1 ^ ^5^3 tSjL^i^o ^*-^CO ^ 0 

^ ^ ^ ^ Jic3 (-S3 O y ( “ ***' ^ L^ 


lim /(co, t) = 2;i6(co) 


lim ^(co, t) = 27rT^(co) 


Y) j-i jlAStilfeT 




h=-^) 




(f^l -Y) 


* > « _ « * «' • cum) I jff^ ‘ (j'* *if * (.Sjj-'^ (^l|- t ^ 11^- 1^-1«. ~ j I liJi-SLijfcT 1^ Lirf 

vii-cL ( 0^3^ (J i i ' wii* j 

. slA^5^^ Q^j\ AJ 3 I A IniJ|> 'iiMi^iyufdhrf dh^ ^ A A ^liWx,' 1^ 

[a jI*U J dS ^ Lft 1 \ m \ f l ^ji J^i ^*.1 K |» 

iw> 1 A**iii*'^gj^ Olijil: ? i I f ^ l>> ft 1 ^ d*iii»' ^ 1J CS Otf*< 

j j l |f ^*1 ^L ^ Ij J if ^ LbU ^ax 

3 ^ tjft |m) 3 |n) (^LbjLoJ L 3 |e-®^ IjI^^U-U^_l-Ijj 

Ah^ U ^ ^*“Y } ^ iS ^ ^ ^ 1a^ j 1 a J ^ L^ 




J|<m|f^|n>|^<5(£„ -e„)(^m 


• ^ ^ ATifcMiyiM^tJ^ vZ J ^_cL>A^ t I Itl^ CS^ 3 ^ ^3^ 


tiro = p(in) de.^ 


(Yo-Y) 


S(a;c) = |a| “‘ S(jt) t-yioLp- (jljl J bJ J j^b )|( 



CS Y 


r^f 


6. — k; lj Osi^ • ‘^3" Jtf((jif V-' JcSjj^^ cS^j 

OhkV » ^ ^ ^ ^ * d%HW I 

2^ 

■^■■1 = —^ JI <m I P1 n>|^<5(e„ - Op(™) <^£m 


tij fci v"i<|jv> L^ j I A ^ L>*«w 1 Lf f 


27tA^ 

R.. = — [ I f'.. IV(">)],.... (VI - Y) 

* -^nm jl. ’vC ^ i ft T aS *ij I 3 * " ‘■■o^ (j^ ^ ( Y 1~Y ) l*» 

• j^^-Uii ( \jjl) 

j ^ 1 aS ^ »<l / l^ ~ ») L^ I iS kii4M I ^ jirt < cjj i\ *><< L^ l_.«m> Liiiu ^ ^ 


. CU-,1 ^ySl^ tSV^^ t5-^^ ^ ^ ) 

I ■ it"* * ^ ^ l_)£ LmAA-/ Ij d <\ I clj J>i 

O'*’^ j <-Si/ 4L( ( I k ^ ^ liJ ^J^3 '■^ii j ^ J ^ vi«X 1^ iS 4< 

aSJ ajKs j (Jl*-pl * I k ^ * 15^ V^ liJl^ 

•is 1- f ^ j ^ (Y)'“Y) *•Xw^^y/j ? Ij i i “ *■> 1 I■■»IX sS (* " **»^ 

. .ijlx ^ki* Lj <,5'^1«^ 


AJxU C«li»i,A9tadUM u 

I 4 C l in ^^ ft !• *> ■ * " ^ k X I i *S n il ^ Y )^~Y ) c^^iis A 0 l£ La 

^-Ci_y >Y j™ A i**J^ ^ TcIam k^A^ k * " i*ifi ^y IA ISIj A^ LJ L^ « Xa*^ 

Oi*«l Jgj j^jji*-t O^ A-- > » ^~ .; « Ul . ci«»l AX i^y ,^ (J-lf^- ^ i* J.^i^ 

A^l^ J^J whS'ALf (YT—Y) *ji< J'> cs'j^ » 

L.P. Landau and E.M. Lifshitz, " Quautum Mechanics," 
2nd ed.. Section 43. Addison-Wesley, Reading, Massachusetts 
1965. 





IJJ^ d ,X£ (3 ^ if ^ tjc 


R 


nm 


In 

T 


I 


j= 1 



(YT-Y) 

tS 


= ^^nn. 



r ^i y,«d\ 

^ Cm-^l 

r K., Vu-Vy^dldV 
(e« - eiX^m - £ 1 ) 


Jyjt jiu> Mia "lili^l j51 . cu-,1 (YY—Y) 4~^ 

Jjb oJLfU j J ^j*) ij^ oU^I iJ—tf 0 

R.. = f t-l‘|MlL’l^p(n>)],.... (YY-Y) 

• ^ Jkib l^>w 

0'^^^ <S^r^ " ja<( YT — Y) ^ (Y) - y)*iS^^ % 0Jj:l5 C-^I 

LLmM ^ ) L9 ^ijJb J N^ aS* « Cl*Mr I 

> «ii J I %i *^JiS ^ Iji^ii^' ^ tft * V ij ^ ^ ^ • Cli*Mr I A O^ 

• <11 mill ’* ijua A *Xib 1 *m 4 r ^ ^ 

c--^I AllijJ jl^ 

{J“JJ'- '^J}“ iS u' U'* 

jijf ^ t t54*‘“ 

1 * !. ■ < ■ '. . iS b 1^1 «^ | «i« > 1^ I ^ if ft )Y J'^ ^ 

£[4 JbJ I, J byt I, 

a JlX 1a Ia I 1 I|^4W I ^fiiw jjyd L/ J 1 «>>^ *^.*1/ l|£ ^ Oltf ^ 

(^L—|-S.JiT 4.^ L>%a ^ clm) ^Ia If 

■ d*w ^ [jfc>i IjJ j O ^ I n jA l(/j 







AJui'liJI ^IajI j?_ ^ Y* 

^ tfil^u jljkS" *Ll 1I t54-*lj Osr^J>-J>* jl 
tj- jL—j ^5l^l^^ Jli* . (ju-l l^iaiUa 

• ^ J ^ ^ O’^ J ^ ^ L JkJlJ ^ ^^jp«d J *‘---1 ■ 

* ^L ** L **"j^ aS |£y]> ^ je.^ t>. j^Lft jISS^ a jj Ij ^ ^'f_Y J ilulj 

* ?i*J) IaA 

Ar= AP(t) cos cor = + ^'*^0 

>\.i i'mm tfl A|> tiatf p ^ ^ ^ IS'Aii^ a * Ia A.^ ^LsJI 

^ I <"<III I I f ft ^ f' ^ ^ 1^4 l-f^ I • jlaJijj ^ ^I 4 J j 1 


•«y(") = ^ I ►'.vP 5 f-SCwyi - “>) + ‘SK,- + “)) 


(Yf-Y) 


V ^ ISL* Am!/J ^ ^ " <« » ^ ^ — I I I Jj^^ 3 ^ " <«|> I ^ 0>?<. T 

^ 4 A< \j aSL ^ I ^”lW^MI' ^ ^ iAMf ^ 

^x iS ^ J * X 


0} — \ COji I = 


"^" 

^JS^. \J ^g^ iJOti^ “^Wss^ ^Sjt J'^ 

.5, JSliA, 

AP(?,/) = AP(P) J ^(cu) cos CO/t/tu 

Oi^^<0A^«V|;Lf^J5 jlO^k-SlftT ^[J|; lj-(Ll< . tii-.l»_aJLiiv» jl I ^J-l aS" CmvI 

< aULw^ ^5^<" “ ‘ * ' 

Ink^ 1 c^ 

~ ~^I~ ^ 2 ifl — oj) + M^oiji + (u)] dw (YA — Y) 


^ LsJ j ^ Lfj-c _j .iA ls (5< ^ ‘ (.^ji ^ ^) ^ ®y ^ 



(jjj •' *- * ^ 




2 jj ^2 I 

^.7 = -p- I 1^ T I 1^ {£,- > £,.) 


(YF-Y) 


oi-JU* *S^ jl ^ " ■■ u *** ^ '^(s* *■ Si ^y (YF—Y) j'^ j K VS'i. X nfeT 

‘r'^ 0«<' • If viJU-<-S,/t< ^ 

»_SiftT l,. ‘> i, ;g r I j j ijiii* ^ '’ . n i ,j i.i<Lf * . . vv * i,<^ &«JL^ jl 

I ^ crrf-T^^ J* **' *^ j COj’i ‘^ U *‘* I. '^ { 


AJb iS ^ iS ^ ^ ^ ^j ^ 


^ij = ^ I ^fj 1^ ^ I^Ki) I" (^j < ^i> 


(YY-Y) 


jj—lb« JsLpjl . ou«l tSi*T Lf 

• c-wimI 

oi — l<22jj| u^^j* J*Li i_S^ ^ ' ■■■‘ u ’**' '-^ l 5^3 

*-^ L{ Ifcjl e i^«X> jjA j>i • *IjJ I £( 3 tS^J Ct^ j Iji? f '^jf^ 

• *iu<rl ^j?< 1 ^ I ^ <■«.■£. ,» ■ « Owwit Ib ' t n il if nw 

|>. fl> < ^ Ij li>^ I#* iS" U j/aXs 4 4.,V*■ 4a*m.^4^ ‘ ^ 1 ^* ^ 

4^ I a 4> r jl ^ ^ ^ J3^ 4 ^ r ^ymr »^Jb 

. j'«^ 

Ojj*^ j** jIajI jS— 

jLjb 4J^j(4^ 4 S j^4- Ij ^ YY—Y) 3( Y^—Y)'^^3J 

j1_^I L{ 4mi;U* jJ J^ jJt , JL^I *UJI {«1^ ^■‘^) 

Mi 

‘ >^U ^jj-{ 


.J^U jj IO"*cm^jJk>- iSg J^JL^^ m 

• *^Utjr* A ~ 10 "* cm 





.. ■w (J ' O' <-S^ L C1»««I J jLm I^jyo 

< ^ M r ^ ^ ^ I—**w ^ ^ *^'^-*'— ^ L*^ flLc^y^iW d ■■■ - ^ -‘^ . E = Eq cos col 

p = —er o^’ cS'^Sj^ ^ ‘ XV = eK • r = cEq • r cos iot 

f, cS J Lkf 1 Lo ^ ^ Li*.^ i CliMW ^ (^1J J 1 ft ^ ^ ^ ^ J ti M ^ itS imS^Jkt 

^ *—***^ Vi-*** 4** ” ' 3tf-' 'T*riv^ Ck^ • '^y^\s* d*Vif«L 

. .1^ L <Sjj-i ^1 j U^ I 4 ISa j j 

■■# ^ ^i* ^^3 IaJ ^ ^1 |i^M^ ^ Kmr^ ^ ^ * ft ^ 


_ 2;rc^ 1 

■''u =-p -2 ^EoKj)'</|r|y> 


(YA-Y) 


E *A a I*y» diiM ^5^^ ^ ^ d J«i ^ I* 

^ <i=Uw^*0 


, _2;r.M l£oK,)l^,.., ... 
^o;--^2-r^ l<*|r|j> 


(Y^l - Y) 


ijTjj iS 


|<'M/>|'= |Ar,,.l^+ \y.j\^+ |z,.|2 


I ^ Pnd (1^1 /47t} ftJa^4 * 4 **'J*< 


^>V = -^nX ^rad(Wi,) I < f I r I j> I ^ 


(Ao-Y) 


iS ji-j Jjl d^v* j*^ j*^ 4~" cy*^^ tS^,;Cw 

y , A-i,L 4 uS*<^ ( >-^1) 

. xt L^ yk>a ^/[ r I y) yet^ ( V ) 

y .\ , ’.y^ij-^ dJk^b j-c (y3 U-^Lk.<»l tS ’^y^fja { v) 

tsU-^iS^ijTjjdS dJl— '-Si; jj * J b* y jUwo ^_sLAJli^v^ 

1—j-jTj j eS 4-j;:; Lttjl.1^ • xi:5^Ij ^■■iM. ,j iK|/i/w;Wj^ 

. ji-9 . </i7'/w/Wj'|r|n/mjm,> *un<v'4 


(_^ U^ I Is ■» ;. ‘ ^ L*ju ^J I Uj^-o ci< Iji I ^jSLjiSl/ / ^^fk^y j Cm v^ ^ J * 





Clf'j La ^im*%. d_C 


^U = /^*/'m,'n,/ COS dr 

= /^nr'-^n/'-" f du Pr„, {u)uPt„^{u) f c-‘'"''V'"'*i/<^<m;|m,> ’ 

'' - 1 ■'O 


iS ^LmuJ I <7> L>- 


^/l ^ ^IWr*fii' ^WI m ' 
Frlfffll 


• Awj — 0 ^ A/w ^ — 0 j ^ ^ I La j I ji^ ^ ^ij Ll^ 

(Jl^ ^3^^ ^ i3 l^p^ I ^^vl ^ LftULw I L/ Jl^ ^ /V ^ lJ ^ 

liP - ~ + n p , +"’/i r. 

^ ""' [ 2 / + 1 J [^TTjrYj^'-’.'"/ 

rt ■ *? < J** » * < J ^3^ ft **in i ; lj Jyt LjC/ j I d J i >'V IW I L^ ^ ^ ^ ) J ^ O ^ 6ma,w L>\4 

^ij ^^m,mi' ^n,m,\.^t, I' + 1 + j-_j] 

J I C5^ ^ ^ ^ ^ iS ^ ^ * u * *^3 ^i T ^ I ^/ — ^ 1 J 

j -ti t .\^jA ^ A-JSyUMlA.^ i*>^ I (i* ^ «Ai^ L^ Jbiiw ^ 1^ i A iw 

» Ji J 

^ttig = 0 jA/Wj = i Ir A/ = i 1 -^'V j ■^u tS^^.aJLe4ii^lci>L*il 

j_5- *ia5 J'^ ^ f‘ a ^} t tis“ ‘ 0^3^^’ '^y“\s* 

^5^J1 A? fjps^MtA I nlnti tn^ L>- t J^«»ja^ tS l ^ l o'M tb j ^o < 

,c«»l J ^jSj^Anig = 0 ^ A/W| = 0, + li A/ = + 1 l^T 

* A/ = + 1 • '' ^* * ' •* “* * ^ y *** 

^^^A^ (Yo—X) uSiaT . ci.L^I InlJnjj} tsl>^ IjAm^ = 0, + bAy = 0, ± I 

tj«l- o/j-t ^ ^ Vw^) 

• { J5* tS^*VArfj<) 

j* 11J J (X ®“Y) ^ jA|j> > Lij • b T J ^ I j I A J1 1“ Kt 1 L{ «I 

. I Ij JI JLi,/1ji A >^bil ^kJj j I I Vmm I ,^ j A a i3* 





rfo 


L—j I ^ I >^ 5 ^ aS j!^ I ^^l^.A’MHjjitf jl 

j k-*^' L^-^* • ^i ^ U 1 ^;) Lf l^,) cJU-j j jl jj JaSi 

dS ij ^‘ L I j j ljj» A f ■ •> ■ «.S^ j CO = (0{j ^_^<ijlS^ L 

J ^ j ^ i * ^ ^ L^ ClJ j I ^ \ j Lc ^ 

dt ~ dt 


1 ^ 1 ^ jjy- L^^'IJaw^ c 5 jj-* 0 ?* C)>?' • >>^l-•^ 5 • (jiL- ^=*e**' r p-* Cx'^Llj 

d<l lift I ni« Lj bki I « AJ Iam fc*» • JLJ L y ^f^f w" «Xj O^ ^ oJIa- ( <iy£i^j4mi 

cimama^ k 5 ljl 5 jj ^ tJ*^ ’ ajIjUjUb 

L^ A- -^» ^ l A aJ|^jA^ a./ y I Aiai>i > \ < I^U ^ A l|j iw j^iJ aAA ASA l|f *■> 

• ij»f* O - ' J*" ' * 0 ^c 5 ^ < 


L; iS'X^j^^ J-iLo ^jyi A-**?" 0 ^ 3 ^tS* C>i#^r^ 

, 4 ^ ^ 1 ^ IjbjIjS (. 5 ^< ”i. ‘** ? ' * ~ jlS'jLw 


Nj 
IVj “ 


(ay-y) 


^«i i -. ^ Ijj ^L/ < « ^‘ ' j i t aai 'V j^ aS j ( 31 ^* ^ ^ 

Aj^Lca— i{ • Jh|/L)J iSj^^ tS iXmL^ A. “w IJ 

(AT—Y) ‘^>?“>* jn^ \s**js^^- oJL>> _;l « ^L, ^y^ 

^bJaii ^\y,^^ y iAAl^Pra<l(^'^) ilW f-e(Jt^lS* 

(^1.1^.!«I Ia-Al^ j^ ^ 1^ I Lf (^ I ^wS J Ia- j I »Ajj ^ A ^ i '^y^ ^i! ^ 15*^ ^ l«i^ I «aJ > «X£ l< 

•Xi» Ij-a^jl jS i ^ W 4 vZaJI>> cS[^ j I jy^ * J'^ < Jpcyd^ iSj^ ^ ^ 

f^jj^\ b viJl^ ^ oJl^ viJl>> , J jJ^ s^jytO <iy»‘^>iy>‘ jy^i^ 

A J /slw (Ifl ^ S Z Am ^ 7 t ^‘ n J > 7 <L mm (<>«• j Ay^^^yf> / *^iM 'lA . Aw L( 

• ^ ^ A A ^ C i Cj * > ^ ^ 

jISa^ ». ^ i A> T ^JjjT^iiwJA^ C5^X U^fcC aS AjIj jJ r ^ 

^‘c5^‘ ^«- *‘ * ' »- '^ ci«wl *ju««l j3,3i^A aS . a;^^j« 





r?) 


tj * .. " »'' » CUu<l ^^^^\o^i^JiiiS Oi*i<l fjayA>^ (^1 jl>i^^UjA.j A^luulj 

'^‘ Os^ J-! *5^ ■ oyy* ^ jy i^Lol^ L h ** " -*** o^*^ Os^ 

tj^ 1^1(5Os.^f^ i (jL^. ^ t. a' Ti^ j>^ (.5*^^ 

OjynsA^L^ AiLtflA^ A>iL jl ji ” Mi ,f .i> iJS 

u*jj Os^ • *^>^(j* *>J'ib^ C)ys* 

kzmu jAid i5jLiT jjijj jl A0 Li. ‘ w ^ b Ij ^y^ liiftT ^ b ^^.Lii j^^msJu (^ 1^ 

O ^ * fl>A . j ^^>0« ^ >i ~M i«lj j l— ^ b < ‘\<\_y*J'b-JA«j 0<J «i>J It [jf“^j Os^ J ’ ^JS ^ 

• Aii^^i* '■i*»>'*ii< ^L{ jti a.Xi!> ijt“3j LS^f*sb-J 


^ «A ^ ^ i> x — *y " j b-J ^ ii ^ M * ! A> tS < " *ti* ^ * <*i' b^ i i^i if * i m m V? b ll? «A ^ 4 |^t * 

'^jy^*-i 0 (Ao—Y) 




iS 




4:t^ e^ . 

^ij = j^ K^ilJ'Mj) I 


j' y 


(AT-Y) 

^ ^ l,M^< yylo^ a aA^iW^jp^ A aAf^ b ^ ^_C S <■ 

Cyjy^»^\j |£() A^ |£y) 


- A,j {tj > £,) 


(Af-Y) 


^ ^ b^ Ou^ ^ I* * ^ «A 1 a VA f a aA y> A aV^*^ b A i, ^ ij O '*' ^i C * 

jl Ol*ial OjLfaA J>»* ‘ ^ U* l®l^ 


AN . 

= iVj[i?|‘"'*> + /?/;'”"'>] 

= -^i^O'PrBdKl) + Aij] 


(Ad-Y) 


jtc*»l Ojb* ( fij > £,• ) J— aJ^j^ja* j::^l<A^ .aPo*#^^ j* aS jta*:; 



iS^J^ <S^ 3 J Y 




(Af-Y) 




dN,^j ^ dNj^i 

dt dt 


^;[fiiyPrad(wy.) + ^, 7 ] = JV,-Bij-p„d(a>yi) 


(ay-y) 

v J LjiI^ dJ t 


Nj 

77 ~ g-ti/tT- 


_ ^-^wjiJkT 


K=^) 


(AA-Y) 


ci^^l j 1^ t Prad 3 (AA—Y) 3 (AY“Y) U 


... . ^.7 1 

Pradl^yiV — Q ^uijiJkT _ j 


(A1-Y) 


L( iS 


ft OJ^ 

^ “ itV .*•“'*'■ - I 


(1.-Y) 


jd liA Liut (*l o —-Y) 3 (A *l”"Y) ft*M|.’ j ^ L. d ‘‘ i Ml I «i > j «jL^LU* 


Bij 




^ ftcU;; 
- ZO 

71 C 


(“l^-Y) 


LI < j^jjd .F 3 .4 i^l_^ (jldJxfljd^ ( 5 jLT j 
(ijfcTjo—Id jyiT jd^ ( /jY*—Y) j** 03 ^ ' > 1 *jjjdJ l^Tjbi^Lt j*i 









«!r"- = ^„ = ^^fl|<e,|r|e,>p 


Aoiie^ 1 

= -^ 173 - l<«ilf|ey> 


I ^ V fri 1 . rt f h »J L i.iiM^^ dS * j A JJb Ul* < 

la ^ ^IdS* t ” <i w I ^^^1 kyii l J rK j 1 C » iJU ISlj ^ I Jl? ^_g ^ 

,1^ Jl^ '^jy 4 '' < n fc { ^j (^Lbjki^ i i, ^ ojju4u c ^ j5 [i>*iI^^LS 

^_).j ^ »*, > « " I " <, ^ >»i > » (3^ ^ a J j jm jA.^ aS < ~ «w> Jj A > >« (jP^JUj J ^^y^i \ |<i *,. l^ * \y 

<J ^ V ^' ^ AL] ; •^y^ a ft) *T*^ ^^jT< ^*f aS'^^JL^ 

. e*«l AOii^j^ 0**V» ^>b«.« j2,3rfi>i ^J^}J jISa- 


(U-^J- ts-'*J i triJ- 1 ^ 

t A dt^b aS I—*».I ^3^ ^Lj j«i AJbS j*3 

il^.dJL>-A^j ^>-fe j o* ^ * * ' ^i. ”^j^ tS^x Jj^ *-<^x A -♦ 0(j^jj ‘ *3^L**-i 
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A. Messiah, " Quantum Mechanics", Volume II P.767. 
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Jiii O.^?" Lb I I $ = j| <. ” ^1 O'^ 
fTtf — 0^^ ' ^ i St” ^ 4 f 1^ If ip Uv * ^'■«*** I ^3 

O jy^ I j >i . ({) = 1 iS t5(* !. *'* ^ (J* *T' ^ 

' t}) = FiOG(ri) 







d /dF\ [k^ \ 


( ^1 _ A) 


d ( dG\ (k^ Km\ / /2mtV‘^\ 

5^('’^) + (7’'+^--Fr=o r“(:F) ) 


•K 

jrfj t rt jj ijii . •xi 


+'^—r~) 


(n-A) 


o^L ( 1 )—A) 4J j Lu jl 


lAC^. >/) = 


4^ iXw L 


V.W ~ (1 


jl l{ • ^ — \ik ♦ («-iJl)o— a) j*i F(<f) = !< 

«-' ( V \^-K) G{ri) = e~^^''>^W{ti) 3 P tsU v^’ 


d^W(f)) dmtj) 


(IV-A) 


* y = Kmjh^k 

^ ^ * 0*«iv I ^^JChiA} aJ ^ Ijlo ^ ^ ^ Y**A } A-Jo Lao 


t ^ 2 J j ^ j'^ A'Xi **a^^ L t Li^ r C^y^ ^ 

• (r — 2 ) 00 ^ —► CO ^ r ^ 2 # 





rKX 


Lf5 aiL, jbijjjt^ ( jj = 0 ) aS^ 

'^j>-=’^ <fl^;ilL . Ajij F{-iy\\\ikti) 

^^(C. >;) = - ly 11 i/Tc/J) ( 11 - A) 

*CL,J^A< Ij CU<b « > ~ Jy-«» 


^=ni4w 

y/z 


« |i ^A 1 y>* I > ii *U r I 

I a ^ j i »> j ci^ L 0 j j jl-) A^ aS laow I *^5,)“ AJa Lu j I ( jj ^^ J ^ ^ T~~A) ^ 

LtkJ \s^ o^j ‘ Uft^ l5 ^ ^ ^ ^ iS j ^ Ia ” « h I b • ^ k.-**« Lu^^if^ L>«» JSLw 

j I Ouv I ciy L^ ^ ^ Y^A) <,5+'(JSi“ I 


^ + y In kr(\ — cos 0 )] + f(6) 


exp[i(kr - yin 2kr)] 


m = 


— r(l + ly) y expf-/y In sin^ 6/2] 
r(l - /y) k ' 2s\n^e/2 


aS 


( »f-A) 


^ A^ Lk,#* 1* t/ ^ ^j 4 ^a aS a^^jft ji n ^^ 

A«^w A i\ 3 iS iS J ^ J Ij ^_jy l■ I f ft A l>. *^ * 1 <i » Lk4 

>S 

( J ^ **nt ^KJd<^i« > 4 <ij^ A L< 1 ^ . l|jMi n < 

^ ^f—A) O^y J*' }^jP (V.^ 'jrfj ai;S^_y*j ge* 

jlAaliii-,! l^ J J?Aa^aU jjLftjliija ‘-‘ ^ (j* 


a{6) = 1/(0) I 


Ak^ sin'^ 0/2 


r(i + iy) 
r(i - iy) 


la^il i<Xm r(r) =1 /'■ '< 

J 0 


dt 


2 





< I r(l + /y)| = 1 r(I — jy)| 

<0) = (^) sin-* J = (I)' sin-‘ ? = (^)' sin-‘ ^ ( 16 - A) 

3 a*iJbl*wo| Y—a) Li Am* if J ^ 

tS|^IS* ^Ia j^3* I" LtfCJ 0t|f Lf I rn^ i f I . «2 ljI|^ l«>» ^ , ; 

OjIAm <Sy- ■ > • (^llUA L j » \ ■ ‘i iitt h ft Ji«Lm ■ # jLllj^jijji>- 

. JlJjIj 

^Jitj *^>“15* OjA^A^ iJyj* * J'^ 

(^ L . thfl A IM ft i j 1 Q£ aS AiT i 

t CO j (c$^A ’i iiiM B> jLi^L*j r ~ 0 j'^ (,/*J^ ts^l^ (J if *!* ‘ »l^ (_j«#LMi 

♦ «i J»*M^ 

^^rj-ilasj L aJjLm ‘ J'^ 

H^'a I* mi ffn ^Lfc A^MMMflj AI \| * ^ii i f L^J^mm. 3 Ll^ tS^J^ • * *' «‘M || ' (^IajLm jIS^_a*mL*« 

OmmJa^ jJ Uj^AA aS Ij o“Jj 5*^ • ^ iS^~'ir^yj j 

Ammm . c:mm. > w : (jijy . ts—jx 0*^J3^ 

<i'‘^ ■ ) Cf~x! ^ J ^ iS ^ ^ ^ * iliiSl ^5 X ^ («Sa*M I ij Ltaifi I 

0«S^ • J-Ll t5x“ 

• '^SJtS* <j 4 - 2 JL*- 15 !^ A^ C-MM^ ^^>iyjA— 

■ ^ - it» * y (jr*3 «> **< >?^ ' (s^j^ £;>• o^jj 

• v!u*mI aAaJi^Ics<• iui j I >“ >iii A ^L» ijf^yj ^ *^X * ^3^ Jtfl o 'aS > r «M>^ 

^ 3 iA A « ( AiA*t A Jj-f (mAjJ * ilA r tii. ft lA,^ 3'^3* (js^y^ E<^ 0*3Jf^ 3 Oj3< 

. Jjlj ^j£mm.( < 3 < (.3^‘^^Lw t r* < «jfi> A< y A^__;L( 


A *^‘ A P CS^X 3 ^*^ 3 X" *J'iL»«4< ^ 3 '* 3 ^ *^ 3 - 

*mI O^LfJS «A^*m |J>^ ^ (^IaJuIm • ^ it l_i^iajl« 4 > r «i«t A A * ‘ « S ^'x A« ^ I i !^ 




+ XV 


).= 


(tf-A) 



rAi3 




tji LTSJ 




15^ 




,j jT 


'yr 


^ ~ e"-'+/((), ,^)f_ 



• ( ^ = e'** ‘v^^) j^S* ^ jy*^ jl^l « k < jt . >1^ o«i--> 

Cntf* j l/r tS vi^l ^^1^ 1^ 

■Lj^ J,^b^ tS cu«l ^3^ 

lim rV(r) -> 0 


€ A ^ 1X0 

(jjltfj jl.!*:; Oe** cSjj^^ i5^x cu*imI ^^^aJjU* JtSL^I 

Ijlj Ij tS Ij • AiAli <lmI j "^y^s 

djj^M ij ^ ^ ^-n^) ‘ V^^?" O'V^OjLMf 

• ^ i< Jirf'^ ‘ 3yi^ ’t'^>?‘ 


i/(r) = p- AK(r)^(r) 

xa oaI^ dJjlM « e:.-^U> ^3 y ( ) a) J'^ 

{V^ + k^)\if = u ()Y-A) 

jl j»l«i5jA jiiit'^ aJjLu ‘-S^( ^ a) aJoIjm* 

M(r) ^ aJjLm i.S^ ^ ^ Y-^) ‘ ^ ^_}<»Li 

jl lum>I | 1Y—A) iyy* • *^>“u* j'^ 

• (V^ + k^)lj/t = U iS^ *J^l** AiUlft^ (V^ + A^)^, = 0 O^ *J^l*» 

• ij/ = ij/1 + ij/^ jl cu»rl {yy* 

' '* '-jj—*• >A<U * ( K = 0 U) M = 0 o^J*^ •S'^jy ot^ 

o*w JA< »j*v" • ij/i ~ e*^'* j^y • *^U iS'^yj* *-*' '^ 





r-* C30 f 


(U-A) 






r*^ oc f 

j^a- aS ( t Y—a) t5*®>^ V^y?' * ^* ‘**** ^ 

• ^^**il*i J if -Jj " •xiL ^sj^ ^y* 

A^Ul, 

(Ofij^ i<^) ^C*"* *’’) (j*<^ ftt^u^j* 


(V^ + k^)G(r, r’) = <5(r - r') 


Wf) = J *'C(r, r')u(r') 


(U-A) 

^b Cjtt^ J** * ^Ai« 

(T*-A) 


tS ^ ( lY— a) 

(V^ + k^)ylt, = J i/r'(V" + A:")(;(r, r')u(r') 

= I dv' Sir - r')u{T') = M(r) 

. OmvI <*^ l«ilj 

*^y?‘y{ 1 A) •^y?'y* ^ O^ jIa«s aS^pU- 

LjJiiS If-jTjl ^jS^iaif 


if, = f ^r'G(r. r')«(r.) - Ae, <!>) — 

J r-» ® ^ 

^L»- (jijj!? ^b aS O^y^iy* • b a^^ '^yy* *'^- 


•jy 'y 


G(t, r) = 


-1 e'*l«--'’l 

4^r Ir - r'l 


(Tl-A) 



1^ IJm # ^^>5".wyo *-f*" J*^ jiaJ«i^ l4^ 

{r ^ r ) r ts'>- ijTjb^U l#l . ( ) ^-.y) jj , (f_x 

j( To — a) *jli:i-.l b • b (1 A—a) o-U-'ja-' oa.i j 

c^O!* c5" ^ ^ aJ j 6to c5L 

^ ^ b * { T I ^ A} 


i/^(r) = e''‘‘'’ - 


A2m 


gi*|r-r'| 

/'''■ 17377 


(tt-a) 


• ^'t'W b-" ‘ <^15- (3 { 1 A) j “^ ( Y T—A) ^ 

l_J—j«i ij/ J^. > vO ^ b tS A Jkf^ b I aJ Lm {YY~A) A>J«ibu 

m * ^ AtaJ ^ UlA aS ^k^ldObw • CwMnI ^ ^ 

&J jLu ^ ^^l>- j*i dS CUmtI *"^J* • cirf ' 

^ i «■ L f Iji ^ i fc * ^ dJ Jt Ljh> 4 I ^ ^ yS^ € d Jbw E 

T ^ ^' iii fr J ij iii “ f *i dJ O IjU Ja>' J ^ ^ Y Y "“A ) ^ • OM*r ^ Iju 

• OtMli 

cr^JOK* • fy^y> (Sjj^ J^)j^. '^3J j\S^ {T Y-A) J^ ‘^' 3 ^ 15 ' ^ '■rSJ 
^ Oj>< ^ iSj^ 

i ■■ ■ 1 ^ = 0 J di • JL*S ^ Ow# l^ A dl^ dMtfl 

^ ^ ^ ^ Lj • O 4 W I ^^SUO oJ J ^ j} d*<wl CIa-jL^ 

^ Y^A) ^ ^ 

t ^ < dj 4 ^ L^i 4 ^d»iiliCi«iI Lf jfcI ft 


2mX c , . 


jLifiA r c— ' 

^(")(r) == e'^-' _ _J ^r' v>("- ‘»(r')K(r') {YY - A) 

A" 0^0 A tsb-'^i^ ^ *rPjA 'r*^./^ 


(*J 


I^JLft«idJk^Lju ^^J^A./ 


1- Fredholm 





oc ' ^ 


jj « y^(^» <^) = xiL 

A l _ i M ij<L^ n ziMj/t L/ j^y> 0 »>^ ^ 4 ^ ^cl<>ij«» 


^t-)= 1 / 
y=i 


n 2 

r fU) 


^ ^M* aSIa./') n ^ 00 ^ ^[*>^ ‘ ^1*1 ii> ■ d 


<o 2 

<T = y /■<^> 

*'**acl ^ / 

;=1 




(Tf-A) 


0 JI»^ JjI a 


( T T-“A) ^ ^j •Xwl^ 6j Ijulftif A jS^ 

iS^ ' ^ 




{Y<i-A) 


-I^xIli l» • *■-**» ^ j ^> ~ »w< ^ ij£;>*^S ^ j«J 0»f^ 

01 %2^ L»Cij Ji kw ‘jj^ r l5^X * Atf\5* vS-mkJa^ Jiiij I iS ^« V‘ »i»4 * ^Lft 


gi*|r r'l exp[j(jkr —/cr • r'/r)] - k'-• 


|r~r'| 


=={e--^' 0 - 

r 


(r#^-A) 


j ^ ^ I \ J IaJw i3 ^ ^ ^ fc ts^j^ ^ ^5 j ^ ** Ar/r *»^jL^x 

0-1 OAlyi- ( T 6 —a) 


r\r)~e‘---~ 


/• /)'*'■ 
I (/rV<^"^'>-">(r') — 

• J /■ 





TAH 


= Ji/rV“‘"'‘'> '>(r') (rV-A) 

j-i t f^^KOi ^)o^ <S^j 

Oj^«^ 

^'(K)=JAV■■'■K(^') (U-A) 

*'V*b Ajfis K = k — k'^TaS AiJiy; 

cu-l K(r) A-^y Js-V^ K(K)^b . cu«l ^:jLiL; (f^) Jli 



^ A^jb 5 k 3 k' < K (^“A) tj^ 

» C mw I LiJ 1 ^^3 L ii ' t o t k ~ k' * 1^ L wii» ? ^3?A<1^1 Ij.{ 


O33-0A- 0<5^* ' Ojx Jj* 


<^'‘’(«, « = !/<■>(«, = (2^)' I ^'(K)| 


(ti-a) 


^L_<b 4 A—;^lj^ {S^j^ ^ 

liU 0 )/'' A^ ^ 




I A CUa^La a!^ ^A,j 4 L> 3 l« • 

<>Z«i^]l£ (~3 * J'^ • v T i^jwl ^ImwSl^ AaaIi^ 3 Ai^>^L> 

-Py* *r*ftj^ {t^— a) 

« ^ iA g f I •iii b ^ Jtf ^AA ^ t»l' 


mA K(K) 
2nh^ r 


Ojx 


jb** 


j>J»A^ ♦ vi««l ^3^ IjSfc* ( \*f—A) ojX'^X' A^A^^ iS^j-i'^j^ 0<^ 





9 K 

Osf^ ( 3 *^ 0 ^ 3 —tf** O w ‘ - * * -' ' 1*1 • c^l j^j^j<‘ L cjjj^^j-iS'l 

Ji 

, lll^ *■<-» ; ^ CUm 1 

dJa-lj jl aS < j_gJ-»-p j^ft-i ( k' j k i>« *tfjb ‘ <s^) 9 ^jb 

K^=\k- k'\^ = k^+ k’^ - 2kk' cos 9 

A‘*«m_; L ‘ (3 '* *1.') *■ ’ * » ' ^ < 1 < K J *^ ‘ *^^*“ 1 . 5 * 

f^^is* 3 k — k' 

K} = 2^^(1 — cos 6) = Ak^ sin^ ^ lii AT = 2^ sin ^ (To — A) 

^ ■ rf:\lL> va ^ I 6 ^ IiJJ * ^'(^) * ^tSjy^ u3s* J 

t ^ Z* jy^ j J K L 


K(K) = J rfr'e‘“-'y(r') 

== 271 rV{r')r'^ dr' f du'e'* 

Jq j . j 

471 y(r') sin Kr' ^ , 

= Kio -K^ 


(u' = cose') 


(n -A) 


o«.l K f^jj-! k— ^(K)* <Sj^j^ cSjjrf^ Je-“^r ts'jf 

<5j j^ j-i j'^ b 9 |K| = AT o.? ^ * ^(^) “ ^(-^) 

(jlxOj^i Jj^ ^5* ^laii. ■^' ‘ ^ ft’ <}> jl JiS-M f jUwl iS j f^^'> 

oW^ J^j '^l>'{j* Oj>< jb** * tsb^j>'l tsl>; * 

mX^Vn^R^ 


iS^i • *^^1 OjJJ A^'o ^ ^ 



rn 




iS>)’I 


(rr-A) 


oJjIao f •X>-x^ r L C^?" 

* -^y^s C«* ^ • * •; «. _ . ; i_-«L« OJ>f 3 (TT—A) 

'(T1 — A}i' ajliliwl L< f ijr ^jy •^jy Ojy 

jl vJUwl 


V(K) = i: f* i dr’ = 

^ ^ K Jo r' r' K^ 


An 


V ^ ^ 


^Uao 


»‘'’(fl)=(- 


/ mX 

An 

^ Am^X^ 

r^/ 

K^ 

ij*l6k* sin'^ 


‘^'^15^ Ojy Jj* ‘ ^ = ZZ'e^ 3 £ = h^k^jlmCj'^^'^J^y ^ 
(u/m iZrZ'e\ . ,0 

Lj L tfC > l^J a j^ <zn^j o » ow*^l j^y aS* 

. owkI 

0^3^*^’ "^y *b^ iSj^y 

(<^ —A J^) t 5 **' 3 ^ '^jy < Jb-» 


y = X exp 


[-sn 


C .M O ^ KZr jl-f^ Afljy 


^LkJI fjl^ ^^ ^ W*J >I liiSi; jl t 1<‘«M I b ^Jj*** J I 



sin Kr 


dr = lim si 

»-.0 Jn 


sin Kr e^” 






rn 


V{K) = f 

( V A J^) *^>-*t5-* 0J>< 2;^=^ 


^«‘exp(- 4 Ar^/i=sin"jj 


2 Tim A 


27 TIT 7 ^A^ 


— R^exp -^^jR^sin^- 


JuvL '^jji C j aSjuiLf v:u>»j J 4~^ -P>* (Jii^ J^ ^" ***^ ^ 

• { 0 J>! J^) 


\/{r) 


<r[9) 



^kLJu ^ j 4**J J { <jJI) ( 6-nA ) 

ojx 


OJiM ^ 

*J 0-»f ‘ ***'^* *J {TT—t5j*j^ crjj 

J5*Ji«l «5 Jui v^lAft Ol»< ^5 lft*-l•l j jl j 

< f Aft (Aw» Ij 

fiB, <f>) = £ /^^>(0, 0) 

j = i 



nr 


& 5 j 


j^ I \ jLijt ajuIj ju*.^ 


,.,.> 2mA 1 mX 

Wi, _ /2mA\ M 1 r K(k - k") K(k" - k') dk" 

\/t^ ; An {Inf] (k"^-k^) 

/2mAy 1 1 r nk-k")K(k--k-)F(k--kOdk"Jk- 

IfiW 4 ;:( 27 c)®J {k'"^ - k^){k"^ - k^) ' 

J j *“ * ' t5 ^ ^^*0 j J ^ i5 IJ « A —V 0 tjp^3 

jjyijj . xiL 

100 MeVj^ tS^x ‘ OJ^J^*** jj 

jli tf I— < m oJl>* l^Lc (^Ia. 7 mii»< > » ^Lbi^J.5^X J*^ 05^ * !■< 

^l*>t * 4 jyii»l>%* tSj^'^ U I tf .l W ' y ^jpA? [^J^t 

ji|Jj. " Mii* ^J^yJ ^1. *«V*^ tS^A?" jy* IJ“JL> OiJ^ 

J I ^_C ^J tifc^ >A I y >»aiiiA i 

t> " l5^r«ifJX^t5^X jji^j ^ L ** * *'^ Jj^ J,|Mi7Li^ 


C^>“* ”Y 

j' j' 3 * i j n^' * * " 3 t^b-^ 3 ^ j^Os^***^ u^ 3 J 0 *f^ 

JUI^yul/uS^K- i/-^U "1^ . jut *31^1 


^i*o L^Tjj tS J»^x {W”“A) I 3 iE 

• '^3^15' >^3*3 /‘*’ 3 /'*’ J'^ (>f*-« Ll^ * ^ ^ *^3^3 * 

(*»_*'*)->(**-*'=« + ,A).(*:*-r^)->(ik*-it'=' + /A)tS*t-ifj’^W L< '^-■'3^15- ^^3^ 

, J^A A^L>«t ^i»^l (3-**^) A ->0 3 *>#^ 3 

. JJjf 


1- Faxen 


2- Holtsmark 






y(^r) kS 5 j^ j>i 03 *^ 

^ ki liu jj l/', ( oJI) 


2m 


+ K»‘)ji/'. = #* Kf") oj 


(^irf-A) 


^ JlJ^ ^ * X«^ 






( vrf-A) 


( — (i I^jj jL»v/I tS OmuI jr^i(S c53J^ oli rt"^ * J^ oy^ * A-iL 


glk* ^ ^ilrco.® ^ ^ ^2/ + 1 (cos 0);X^'‘) 


(r<5-A) 


«X& ^ *^1?** ' iS^^ l* rt* *«' ^ * ^ AJ i ^ ^ t f 6 ^ lii-l (wrf-Ajj-i 

‘i'=t i “,.. y..,( 9 . *)««('•) 

/*0 mr» -I 

o*^ ^ , 3 tf 3 ■■■*> A S 

l;l.i('- 3 -(*'-S™-'-^IK.-» (-©") 

(rf-A) 

Ouu I 1^1*^ {j) uP^ ‘\tfU( Tf—A) Cj^?" 

jj 0 i (^T Ji^l^ ^ ~ 0 ilSj Ij 


~ «J pl*r 

j; fl,P,(cos Q)R,ir) ~ ^ (2/ + l)i'P,(cos 0)j,(Ar) + f{6) ~ ( rv - A) 


r-*(jD / = 0 








t jli.kf ') j ^ ^ Cl^jl- fS- 6 jLi> j y .,Lju< Cw I J/ = Q _A ) 15"® ^ .il** 


;X*r) ~ 

r-* GO 

F ^0 ij^j^ 15 * 5 ^ oJU^ cw*" " 

( J iS^j^jJsdi,^ Cli^Oy^Mfluj F ^U * ^ j* nJ ‘ « ^ • fcijS I* 

A .iiiM joft) dSJg I f S* * ' * i J^ •jljTftj^ aJ iju OtAtfiM A/ 

* 1. 1 * < * ■J K . M * *\?W _/i(^^) ^ ^ki * ^ ■**** ^ * n J I 

9 ( 

*iAijii < *. - * a *i<<L> 1/r jl jj^jtK y (.5^^ ^ ‘ (^^5 


/?*,('•) 


1^ 

r-* GO 


sin(fcr — j/7t + (5,) 
kr 


j>i jiikr) j /ffcj(/')c:-jU:: jl ^ 5 ^l>|^« 3 / ^>?“ jLi ^_5sU■A./L»5, 

f aS j ^ ^ J^^^^**** j^ j iw ^ ^ *? i j ^ j pf 

j /fft/(r) jjjl jjl_^ Ip . a;5 ^>n^ Jj ^lalo I j_5l«jl.i;l 

c:^L . (tY—A)^*^ J/C^/-) 


OD 


X a I P,(cos 0) 
/=o 


sin(A:r — ^In + S,) 
kr 


= f (2/ + l)/'Pp(cos d) — 

/ = o kr 


e'*' 

+ /(^) — 

r 


(TA-A) 


r«j' 




f W 

1=0 kr 




+ 1)»' sin 



e 


\kr 


r 




U-JSijI I/'' * 





h 2 ik * 


l^e e'**' - (2/ + l)i') - f‘/>"«(a, e-'«»- _ (2/ + i)i*) 


= /( 0 ) — 


(r^-A) 


tjpJS^ J'^ 4-^ (f^— a) V?- 3 tjl* . u = COS 0 jjT j j aS 

* g jr 

fl, = (2/+ JW-*' 

^-T(^t5 *{T'^—a) Oi<^‘ (>«^( rV— a) cw^ 

< 1 ** ^ 


I ^ c-“’«( 2 i + 1 ),V"‘' - I) — = /(«) — 

<=o 2ik r r 


(f.-A) 




/(^) = f ^ 


2/r -1) 


/W = 7 I(2/+iy''sm5,P^cose) (f 1-A) 

K (»o 

J’ *Ja -<3 C*^ 

j 1 jj6<3 v r <^uji\^< • <—«KI A>i.*>d/^«iVj jI <3^ 

^ f " iS ^ *«^ -lg j S<M< 1 /r J JM < j I j3 Caw I ,2ytt ^ O 

J^ -^jfcrCO i j' Ij ( Y'f—A 

Ca«>J&^c JjlA 4-; aS « Ij 5j 3 fS^J>t 

*—Ij jj?jLiSlj^4i»l J Ij^ 

d^liCLwl Lf 

»(«)= l/(«)l" 

“ Fi?o ''' ^1 S'" ^iPMJ’A") (fX-A) 





nv 

~ 0 _5 jLc\a 5i |kL:; 4 xiL<F = 0 

(S 

^y; J 5 Jl’^a 

<Tj=(cda = 2n( o(u)du =‘^ y (21 + 1 ) sin^ Si (ft-A) 

^1*2 •in-A) 

f du P,(m)Pj.(m) = —^ Sir 

•^ -1 2/ + 1 

« CImvI A<Xi1 a a t«~nn- i 

Im/(0) = ^ I; (2/ + 1) sin^ (5jP,(w) 

fC 1 = 0 

*>V=-5 « Pi(I) - 1 0 = 0 iS^y Oy^ 

y Im/(0) 2] (2/+ 1) si«^ (ff-A) 

j'^ • oU< U <SjS^ * * tf ^* 3 '^-**'1 (ff— a) *J*il*» 

iSjy^ 1^ ^1A^ 04144 ^ ^ jk>*4 ^ <—MW L* h ^ 

^ «^bA 4^1 J*! ^ ii? A A OuhS*!^^ A^^^Lrf A^ ^ ^ «A * X iC ^ 

(j—j j ^ + ^ = I' aJx^Ij L A^twi« dk|M^ . JL ~> I jl outii 

. omwI tf.x*, 

—A 

yiXi. aJ*^ iSj^y* ^i»i*A^ Jf LrXt 

* 0*JL> «1w^ • • »Xft J ijLu Ij J_jl A ■* » y A—^45^5 O**^ 

V**- *^ ^ iS'^ 3 J* **^*J^ ‘ 

iim ^ i t" 4 Si * a l|f iwjAi^ tS C ^ Mw' ^n ^i . 'XA * 






IaIsO^Lo Ij J jjS&isi^ ^Lo j'S iS oj^^Lla > ciumI 

• h \ I li t rt ft^ L^ < W t ^ ^ ft p fjgwft^ a ^ ^ Om * 

• ijuw Ly ^ i^l ^ * ***, y Lw ft^ ^ *iIlAwr J n^ J ryO ^ ft '^CIaav »^ft-y ^ ^ i j^ ^^JLy ^^ 

jy^j“ij^ U ^ {,5^ ^J O "^ ‘ ^ ®jS-k^J > wm |^ , »«M,» bi^ ‘-^(^ « j j^ L nw j ^ 

ii ^ ^ <m 9 j^ ^Jimi% t ^ Ly • OLw > A ili ft) ft »V 1 ^ ^ J^^Aj\ ...K 1 ^^* 

^Ijjljji L • ijltf^ ^pjp ^ ^ i 3 ^ j" * 

bp = L ==h{l{l + l))‘/2 ^ f,/^ isIftLyjlj uli: 

Jsj^4-y < /? = (2 w£)’'^ = ftk y 


l>kR 


b^- * *^ l5^y>~< ** ■ ■ '■ »" * I bf iJ tJ M.yb^ Jj.y /? jlfl < Jjise^ , s A ^mo j 

ft‘ ^ - ' » 5 l^ (^IftJajv^ ftj I Ajlft^ *-^-. i. »y * IS- j bi' jl . \ . t i L /1> = /:i? 

( f T—a) {jr«ij^ J^y ^*Ui» < 0«^** i (k jl-iift <S^ \S^j-: • *^>"i^’ 




/max 1 

ff ci: X 7 (2^ + sin <5, Pj(cos d) 

i~o k 


(fiS-A) 


k by 4nax f '^J-' ‘-Stf iS^y. • 

^ I «A 1 ** I J J ljt« jy^t-i . (*j^ J^y ^ jy *i\ " ,»lit »^ft^ ji 

k ^J2Jfc U by J^y» Ci«ft*i < ft l£^ ^ J J<A dy^Lft^ jl 

jLifI fS^Ji * 0J>< V>«y^ '->!bbi>_>{ « 1>/I‘ O'#'><bl<. a-by^5^ 

. jjlj 

*--‘ V - . * ^ ^3( k lii) i5'^5y^*<-Sj>''*^ ‘ ^1 ‘ f W jb» 

a '_j* J**^Ay ft » ^ Mr ft I 7*y^ ^ ^ b^ t jl ^5-M.y {S^J^ • O^ '**** 

l^l^-MbyuHwb^^^^l^ laya.fi v.;«-U % a Orf^ (j**^^ • '^b?':il '.-.«. j7 *a iS^ I<aJ ja ft ■ \, i«.i f? 

{ fi- s '^y^ irSjJ *«;'< |. ‘ “ './'Otf V '*~b b* * Cf^^' ( ^"A J^) ‘•-«*'l O'^bi® ft*ftl*i 

J "x 1^ L^ . I") Ml 1 J 1^ j ft AdjSldy _^yb»«« J J j > > -^5jyjl « K <! 0 « *-y>i b»- Ii^_l|^*u.y L^y 



rn 




A — '2.11 jk 6 viani f j> ift ^y '. j ® j c^f '-^jj-i js'-' k = (2fn(E — 

^ CS ^ ” ^1 . **** * iS^yt ♦ 6^ O^ ^ 1 

I i ^ ^ J ^ ^ O ^ ' ViLft d -* ^y, k yo^jl 3 ts-:^ ijj^l 




JJ 


U A 


jjl: 5 I 


j' 3 


wijl^ 


'J J' 


c:^ 



/?^,(l^< 0 ) 


(/> 0 ) 




L'5^'’^'^ S3J 3 Cj jl’* iSj^j* iS3Jif^ (_5l(-J,«*.ib^ ( f—-A ) (J^ 

• t5^V-*<^ *^3 

O-r- J-»L>- (/ = 0) S t ( f (i—A ) ^ A^XfcC iS ytfji ^1 

nn i5jj 6>i^ a«aIj '■^ tS^jrt a,/ I n » > ' ; yy 

• (f 6 —A )3 5 / = 0 

J—j* ('^ 1 I^j-r'' tsW-'3J^' J'^ JS^^- y^ CW* 

A<A_« J3“**(jJ^^ ‘OJ^^ I ^ «AJiS 1^ ^ A>XAiIu« 

J J ^J ^ a5 i jtjt ^ j ^ i5 ^ j ^ K^3y^ ^ i^y^ ^ 

• j'^ < '^y^is^ (if^-^^^e J'^ iSye ^^T l^-JjjSSJl « 

—1^’ ^Xii Oj^ i J«i aS « ^0 “ (^ i)^ ^ ljf^l^*-fW 


3“ Townsend 





zy~~ ^ cS^4sJ^ < ^j>'^ Oe* j** • ’^y“cy‘ 

. <iXAO y ^ ^ 

C>*- ^ 

JcjKUM l r < ^A » A ' ia n ^ J^y* &.(MW lp^«A^ Ij y^jsf ^jy* '"T^J^ 

V = Vq • 0< r ^R (^Iw 


^^ = 0 ' r>R ^1^ 

ljuui ^^ W' ' ft vJ ^ 


^ »tt(^) + - ~ ^2 = 0 (0<r</?) 

^ ««('•) + - - ^2 = 0 (r>R) 




1A Jk)j A^ Cl 






*■ = (- '"^‘^2 ''°^ ) ^ l« K = [k^- (2mV„ie)]'i^ 


I*. y * 15 *^-^ l^*** j.i «A,fLf /?jj J>^* «J^^ <jf^^^>?‘ 

(ff—Ajj*^/ =0t5l>#(r < i?)c5-^*>^ v'^?" • 

jl 0-2I Ojl+£ 


Mfco = y 4 sin At + 5 cos A> 


■^n — 


«ti('') 


Law L|»a < L 2 < L* I 



- S 


^ ^ i(0) — 0 >^kj«j Lk; L ' « ' «< ^1j j ^i . ' ■ j_5^ jy^ j '^-iais j jy^ j"^ 

^ ^ “‘ \i y^. i B ~Q ^tf**^ ^ 


M 4 o(^ =^ i?) = /4 sin Kr 


(^Y-A) 

oj^*^ ^^jL>- 


u;,^{r > R) = D %\n{kr + b^;) (YA-A) 

“to jr < ^) ^ u^o (r > J?) 

“to C'" ^ R) r^R “to (r>i!)U, 

ii A»l^ . {fA-K)} (ifY-A)j' •jUi-l I, <<S 

K cot KR - k cot(kR + 6^) 

1 . 

/2m(e — V'o)\'''^ /2m(£ - V'o)\ /ImeV^^ //2me\*'^^ \ 

(fl-A) 

cim« < Vq 3 il < £ *-*"* '* *>< ^0 {'f ^■“A) j jli 

•^y^is* ti^~ ^ * ( Y6-^) 

= ~ sin^ <5o 

. j_il- sin^ (5b *.?v2^ i <5o = (« + \)n tS ^ 5 ^ 5 U^.ii= 

((i—fb Vq^ R tS^x) S tS^i^y ^ ‘ 15*^3^ t5jx' 


•y^ ^b (33^i«o aS *2- 


1 ^ Oifl U (J^ii^ 5 * 

iS^^J 


ill _ ill 

Ui Ut 


JJjLu (In Ui)'= (In tfj)' * '^-.’U L< 





for 


■ =- (w -I- jr)7t 0 ''^“^J^J'* ^ ( ’f'l—A ) .}■ ' ^ 

^■ _ ‘'‘ U ^ ^ ^ '^i.S^ C^ ( ^ ^ ) J LT" ^^jy' ^ J'^ J 0 J ^ ^ 

■ ?*’^ ■? <5o ~ 0 J"^ * ^^0 “ 

^ L I -^--'j I (.5^5 * ./^ J ^ ^ C>??^ ^ tS tS ^ ' ( ^ ^ S. ' ' ^ <g h^p.mR L 


. da (j^ U ^il^*** Oj>< ^ Kq ' ■ iv . v .wi fc 

^i_^ t^jy -• *.-»^f jii « ( ^ d^ L' d^irf 4 y^Q — t- 00 lS j}* j ^ cUmI A^jjZJ (_}-'^ 

^ ^ 1 ^ d ^ • d^Jw J Lft-P 1 m *>0 dw ^ y^yj ^ P ^ 


^koir ^ R) — 0 


dj^ da t^.?- J/^ = CO I 


d^j_ye J iS^J< r — Rj-^ ia^ 

*^fro{ ^ ^)|r"fl “ S s\T\{kR + Sq) ~ 0 

4 ^ ^ j c5 /|_ 5 ‘ ^ « ^Q “ * kR A.:>m1Lp 1^ j ^ 4^ 

Js; dj Li d^A^ 

= p sin^ (5o = p sin^ (- A/?) 

J f d>- jd 

(T !i; G^^\kR < 1) = A sin\-A:/f) ~ (,-kRY - A:^/?^ 

k k k 


Gj c- cr^.f^ = 471/?^ 






^ J JS jiy^ ^kio 


(iio -A) 


dj!^jj*j 4^^^,»;i-i (Iw^ ^ ^ " ■M<i, _ «. i h ^Ji«li(^o—A) ^ ^ . * «. ^ a»^ 

t 4j^Lc4b^ “ tAwk ^L L^-^jjpi I jd ^IS 4^ Owvt ^ ^Ltcidl dmil^ 

ilSa j LT IdiJ J ^ ^ O—^ ) J If” '‘~!*ij^ • *—**“' TiR^ pJaij j^JaA^ <Zfc '> *«M 4_^ CS 

^_),^« ^IttR^ c»«Mv4L^i^^lidl^^>* ^ki» < £—► 00 c5^J O^*^ O* 

4^d^dlw^jy* » r^44 jlSh^ *L ipj^ln^l iiw* f ^ ddS 

* '^tj* AV * * ' f = /? jd ^jdl^L j_jk 4 ^ I ** w ^nr ^J|f*ii * b^ 



Tor 




Arf U ^ ^ C-ij-Rilj ^1 • J j^\s^ ^ 

. auI« 3 t r' i<-jw<<u ' f' = y? L^ 




Vll 4 ^ Ld 3 ^ ^ ImMmS* l^^-^>S*^ \ h S * ^ ^ ^ ^ ^ Ii^Lm Vi*^Pw> 

A l ^m i 0C. 5 i^ , ^Q *- ^ Liw< ^ Lt I € F ^La 

L^ a 5 < I, M* I I ^ ^ 1^^ j^ " j L l I J 1 [^j^yi t 

■ CLw#! d «A^J*I,» ^^S* ^ 1 H| I Li W ^^>I)!SLI ^ ^ I 

L« 1^5^ ^ Lcb ^ JLrf aS ^^j iJfa Ajuv^Z' XX^jy^ \j^*'^*** 

Cl^ L^ ^ i ^4^ l^ — * lli^ ^ 1 d« ^ O" ^ l^^ 

« J tofcC ^ ^ i3^>wi‘ L/ La ^ 1^ myJy^ Lf ^ ^ J ^ 

Ij^4Xz5Ij^ ^'*^'^3 c-M-l l5^j^ d^U(j#.Lp{j^ J u*3^ 

J ^ I dJ i,S^A^ I It^ AJ I5[l^ AfJ^I oJ \>^ J I jl A j t 1 y9 ^ Am£ 

t5Jl“^*0*-^ ^UJI ( Y—A (J^) I P (^"VAiji^ ft-lrf—jA-j jl.if . 

jl c*«l OjL^ I ( YY~Y) J' ‘ '^3J[S* I ^^ |k^ e^lj j ^JT L A? 



A—< tSc A^^l oJ l>- j I jl a? <.S^ Ai; cS ijSAjS^j^ aa^ljj ^ Y*—A) J^** 

jli5. Oi-rl 4a-lAala^;jLl; ( /=+qo jj) v:uJL»- ^a- (r = — qo) 

. CUmI A-Xl *lsJI ^JCSIj^ 0 -le“jA- 





(YY — Y) ^ ^ ^ ^ y j ^ ^ J a-L*^ 

■^\5* J<i * </d = [i^l{ZTt)^\dlt ^ 


Mt;>=<k'|(’|k> 

.,(2)_ ,-<k'|P|k”><k'|P|k>dk" 

/'I \3 

(271)'’ J E^- Efc- 

k.(3)_, / ^ f <k-iPik^xn rik'"><k-i(>ik> dk"cik'‘ 
l(2;r)V 1 


(E|, — ~ ®k'") 


{6Y-A) 


if*#- jO ‘ ftiS-M tyl 


J-*- 


{6r-A) 


^ • •>!".> Ij jljT *j j (jrLj^U- 


2m 


1 /tk 

Y m 


{6t-A) 


A juj JSa4< {6Y—a) J-* Jj* 4i*lu 


Mil* - <k'| P|k> = 1 jF(rV'‘'“'’ ''*' 


= :^ nK = k - k') 


(Afl-A) 


jl A^l i~ ii«il L( ** *■■■ (^5 { A^ub Lf) (jJlSg- 

jl 0--I *S ( )^-A) 


a) <«Ai k" «>»l J iS}j^ vi«L«S>»A jO aJ<>Im b • *Vijvi*m0*i# 


'“o K^ Aubfl ijtssl .T^ b '“^ ^ 

.{ •J'ibk, 



^ J Hiir kXJsS* 


ro<j 


IT 


t,2j. 

</fik dk = p(k) i/c = p(k) — dk 

m 


L 

^ It J ^ *^,1^ * "**‘* ^ ^ ^ ^ ^ tr^ ^ ^ ijto 

'jj*^** 0*^^^ O^J *X>lj oS A|jj ij 

j I JL X' ij * ( ^ 1”“A ) j ^ ^ I B' tMF I Lf < iXiymnj^ 


= dN, 


kk' 



2 y' mk' 
(271)3 ^2 



=*' 


^^kk' 


i^ mk 

(2^ 


J=i 


2 

*=*' 


dCl^, 


1. 


J^yt^iiaia ajj-^IL i Ji„^. — {\(‘i^)(hk}/n) iS'^SJ* O^J^ ^» I **** “ U 


_L^' 

i/i„c dii^' 


(27rft3)2 


I ' 

;=1 k^ 


(<iY-A) 


^ ^J^ J L ? % ^ ». , < j dJli A jiSki^ 0 iW^ ^ > \. f> * I ^1^ aS «..■, ; > 1 6 J j I A lij J<i 

j£b aS < ~ tniJ ^ j I * ^ t ^ ^ A Li J^ ^ib f Ia I » ^jlj gUi* jj 

• A > » Ij ^ ^ ^** ^m* j 

flh*> 1 JLte Kt/^ ^^1^ 4 Ok^L^ \ 

Wtl!- V(k) 


<7 


( 1 ) _ 


{2nhy 




|K(K)|3 


0mm J^3^ ^l** Jfc* ^ 


(AA^A) 





: o r 


JjS v ' • u'--^ ( TWA) uJ^ J^' L-' Jj' 

* «\ * i*-' ^.' ' '^ '^ ^ '-ft AjLki> L a-1aj> A ^ ^ ^ ^ ^ O'*'A h.^ cS'j) 

_j 'V - ^ Li«,, ^1 ^ ^ ^ ^ IaS rt' « 8 ^ 

, jtj 1*::.*—^ '-l^A^ <S^ ( (iY— a) ^^kk' ^ ^ Owb * ^ll^ C^ jl 

3 P ij i » **' ^ 1^ * k O^^srfir 

< k l5'-''5j 3 * cu«(l (A—A ci^) 

{S~^S^ 3 P ^ ^ ^ 1^ c.5^^ 

I* b ft ^ ^ ^ ^ -1-k ... j . ijbj I ^ Cw' • k' 

^ ^ J^-C ;j^' dbi' LwmO ^ ^ ^ ^ ’ ^ ' g. * ** b 

L^riiA./ » I\ «'fii fr* I ^ ^ftXdL^ 

^T(J—ft* j-'* • (Si^ (A—A) • (iiY“A) j'^ ^\^v' 

• ^ b A^ d, J b^ J ^ jS A «X£ b A^kT*P ^|i {ft 





^ uJlJ' \ j J Cu^b j^ Cr*^^ ^^Lftjl ^ A'^A ) l 3^ 

■ j*>“ ^j* ( ^) 3 f}-^ *>^j‘ ( V) ' Jj* 


*—'iA> j ^jL*(iSL jjjJ«iiSljj— ^) 


^ CU- t '-J >*» ;_5 bdwu I (^^j-i.x.- ' tl^ < ^ ^ ^ J 

. ^ jji (j ^ ix J Jij ^ 5^~ »»i _ < (_)«*» 1 j «i ‘ 4->sj" j 'i • j L/ J I'**jd-p (ji^ 

tsWV' -»^'^ 3 iS'^3J* ‘ u^ ' C5j>^C5^^^ ( ^ ) 


4“ R.P. Feynman 



rov 




f I * C < V •‘t « V ' V 

A—SLj L j J ^ J ^ ^ Ij J 1. V^'■‘^ ^ R,/ ' CZ- /'^ j ( r ) 

• 1^ ^I *^--^ *^ ^vw ^ «X*w A sX^t^ 

t l-*rf ^ 1 ^ CSj ^ t5^'X^ ^^ A Am* j A \jtS L-9 iX& r ^ a Ij^J A j ^j O 

ISL-r ^. 0> J ^ ^ ^ d A J i-teA*wM fr> t ^ »XX/ 

^_j>J^ ^ A^jii® ti *’ -**** A J I ^ ^ A A^ L® ^ jy^y^ ^ * J y d C.'.' ^ , -XX-j^J^ 

< Liiw^»»^ .p 1 J \ Ly*^^^^hSJ I ^j^iXJbS« JL/ 4l<^U4- Iw cLj.j^m? ti, ‘^„< I ^ ..i ( >. .* ..^Jb i. A^ ^ ' w "l , 

* A-X ff> *Xv CZwv «X '; I ^ J> ^XJ; ■ »i ^J J-_^.J.,''_^ I V-; 1 -; ■—•'^v.' 1 '.■ , '.J ^ 

Ai^ ^ * ■■**** ^ ^ C5^ L5 ^ V X> • A-r- v^ A-*0 L.<k-i"*,* i ^ Y 0-^ ^'-' ^ 

■ ki " i<iw ^ ^ ^ A. 4 *ulA ^ J ^ ^ ^ ^ y^ y- a J -XA k 

i_^i -* * A Aiw CiA Ol^* ox ^ j a a ^ J '^.■4^ ‘-X>' C..r- ^ kl ' ■»*...-■ ^ l,f ^ A ^ 

• kX^ ^ A^u d 'JX«S' ^ ^ ^ ^ 

AA0i^^^A|^^^dri^ La_/ ^ Lz **~^f ^ '■ X'V r ^ I m i *^ L^ i ^ '■ X i S '^ aZa^ 

I d.ifcw d A . 6 Ij ^ I d A LaIXw I L *XJ ^ 1A i^j^yfi ^ wlrt Ji4 ^ 

A t 1^ * k Xw L d Xw d kX^ lj>0^ kX|/L d X ^*S i^ k‘X<(jC ^d..^-^/ 

^ j , l . "i .. n/> (_5l*.Xw'^ iXX**-' J 

I Y | l 4 < B rT 1 ^ ^ a ^ J .l ii ^MgO l 51 o ^ O ^ ^ ^yXritfkJ 

• £ C1--I i=^^ J 




J—Zft 




; ji !'■ - zzv'/>-.,> 


Z(-i-!l) ^_A 


L - 4 _; A-CwV^ 


jlo,*«lojLjj: 0 J b wW-i '■ -V’- "' 


lA; Aj ; Cla . -\ 

I' • ' , 

J -- ^ V ) 


, iZZ’t\ 0 


dJ^jdb^ »ij^__plj ^wlaj-* aS -X^ 0 iJ.O^ ( V—A ) a>iL»Xi«l Lf ( ^ ) 


aid ) --^ 






fcA 


iS^j ^ *‘-S^ ^jb = 6(0) j I d jtiCUw I L (i-kJI J T*~A 

• ^ (^Ia c5^j^K — 0 ^ V = OO 

9 Om« il^ C«^ Ij (_yJ,s«i-:l^ J ji-^ ^al4 ( V ) 

*- ^3^ ) "^JJ^ v.i^ J^9* 3 IjSi; I tj (A > 1 j" ; ( ^ ) 

« ( 6 jl J^lf^ aS «iX|^if«S 

* " ■ c5 ^ *^ ■«* ^ J J jtA^ ^ c ^ t5^ T“*A 

• '^J3^ 

V = — Vq6j$^ i Z ». i %M, 1^ {S^J^ Ij fj ^i! ' " ^ J ^ai» ( l_iJt) f—A 

I ' Vtf i^ a J {_^IaL> j'^V' — 


*; d^l Oj>< J*^ (S“3^^:^3^9* ( V ) 

P3 ^ A*iti^l L< Ij ( ^ ) 

* diM^ «i4Lj 

3 •ijj—^ O’^ «i|fA *1 ^ ^i ^rlSU J I A •^tjCu>l L ^ i_aJ (^—A 

jl c.M«l P' = Kjr^ ^3^j 


. 2 ^ :K 1 (;r - ey 

^ e 6(271 - 6) 


• > " « m ^ libflLfLjjl^ iSj^^ ® O'^J'^ ^ 

. .V^ A^U"- J^3» ( V ) 

. jj l/r^ ^ cs'x 'j c^ ( C ) 

aS f—A 


G(r, r') = 


1 g'^l^-^'l 
471 |r — r'j 


JSJ 


J^ljl J 


(V" + A:^)G(r,r') = <5(r-r') 

^ Ojyi ^3"^ A^lj a 5 . v, » ft > J ( wiJIJ Y—^A 



roH 


LmC 


r(2)^/^Vl 1 fy(k-k")V(k"-k')dk'' 

^ \h^} An {Inf J (Jt"" - k^) 


9.- 


Qjy. J^y* ( V ) 

jki/ = 2 ijp^y j^y* ^iai* Ls'*?j3b cy ^’ **** . ' J^ A—A 

• o^ 

C..^^ — J j U (k -» 0 ) ^>^5l^ ^ 5 !^ aS .^Atki ( i-iJI) A 

(f 1—A) • [r ^ R ^ = ^o ) — <—>»« ,J,f*»jh^ 


■tanh[fco/?] j' 

/2mFo\ 

/Cq /? 

' *” = (*0 




I y L<^ j^y“ C) ( *^ ) 


(To ct AnR^ 


panh[fcoi?] .1' 

L koR J 


^ A 4 T aaI^ iJ^jy^ Kq -» 00 (. 5^3 '^jU* Ck* ( ^ ) 
Vk->^)(T f—A) J3^ A-U.>-j.i (AY—a) J3^ aJa^^j ftSkA^k^ vjLlk; ^ o—A 

. ki* Ij ( 





r\o 
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^Ib ^ ^^1)1 (i.S^l5h« ^Sb J ^ I dJ JJi ^ 

* Omi# I d fcXi A CLMvl^p.*Irf I Li# dSr jS 

i^ljiijl (2 ^ A^ ;$ 100)(^ ^^ y^ J Ijl^ L^ (^^laJLwJb j *'-^<>rf* iJsLn(»* ^ ^ 

III ^ ^ A I ^ Mi<> i i, > * i IjbJ }S ^ li € lO'l Jm Lv 9 1^1 iiA 

T Y* 

^ — u * ^ li* j I ■ ; jLaI^ I ^ jl^A ; * ^ j I ^ A/^ j O ) CLwii I 

c,s^:iis 

jl*ij—j A^ j^ t5 j» . > vo t» ‘ v*’ jf A^ ’t^J* ^**‘**i<"‘' 

* = 1,..., N')'i^^f* yAi»*<^ f ^ 

d Ami I 4 Ari 4 <4 IA A|f Jj I AJ^^ Lj j 1aj I ^ J ^ f*J m i^ A^ «* j 

> A 4 I" AAm iISIa a l. *lm« < A>iwL( 

. I—*<Ae^ ^ ,j_::jISa d^Lcjk. y ^ ^ = T — •j*._Jkt 

j \ v:u^l ojL(j(_ yw( ;■» • ^5JJAl^^TJ (/= 1,..., 3,^ = 1,..., 

N /y 3 

r= Zim,|fi«>i^= X li"^*'" 

q= 1 ^=I i=1 

= Z jj(,)2 + 

«= 1 


{ 1 -^) 





r If 


^ ^ I 






jL. 


^jj- 


1 '■■. t- i I I ^' 


<i< 


^r/f ; f ^ l_kr—'1^ LS^.P^ ^q Lj"^ 

j*;^>i^—-J ’ i,. i'-'^* IjS |JP_^ , >Xli 1./^^ ^ 3 ' •/ otjj i;,W^ 
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rrv 


(J Ujf ^ 



^ ■ > * 8 . '^ J*^ • djij OJ*^ tj^N Jl^ 

t5 J ^ ^ ^^ t • • • t n i /l' * ft J I jLi I j I ldb£ykJ>>« ft 

^J ^ ^-^if ft^^ J Jk|^U • ^^ ^ I *^ ii * ii fl ^ LwL^ ftj«i ^^ib ft.L*J<l/^A^ ft < V I * JIampI 

■ * J ^ ^iL o I ^^IftjJ < V « J «i jj<t ftJjLM ftj <Jjl|i Vi 

^ ^ ^ ^ tS ly«ibi**l*^*« ^ ^ ^ * < V « * L J Tft I ft^ « A i ftV ^ Ijg^ 

iS'^Tf^ *-^jc5^([^JJ >tf^ J J J tS^+^5J J*^ ‘ ‘ " ■■ i< * ftO^ i_Si;jjL! ^L«IS 


^Ajbjij^ jTftJul ^l (^ i» 5 i*i j >w —f 


J (j——ir~ ij —J 


jfflg — nt ^y«A (; j C.«<« Ift^ft^ Jjiii;! d 

■* ft f ^ >JLJl^M ^ r ^^ft^^ * d**^4^ljl# |i IamP ^ y^i9) ^ |/ 


_ + l/(r<^>)U,(rt»)) = 


2m 




J< AJw Iw ^ig **^U (* cS^,>< ^ Lbj I j 3 L^y^ * 

0^ OwiJb^^^ ^ Y Y"^^ ^ ^ ^ Lima ^ * ^"**‘*^ 60taw tfcji J^ i > ' ^ \jf ^ 


^« = I £, 


(diJI yy-^) 


L 


(vty-M 


^ Y Y—^ jtftftjLu *ftj liutf bu. vImw IftOhw j^iaJU ft sftJvJ Udwl |^Ia jI >X* |» Ik/ iSiJ 3 *T' 
(LI . ; ( Jitf*» oj^ ls'j'** c-i-S^l^ft^ d«-»; 'F, «^(j» U 

ftS^jtj aj>j^i dd^Lw ^ Y Y”^) *i>^L ftojt ^jl)L<u duuLdo jjiaftirf ftS 

I ^ * Ai/^Jv b^ft-/ W! I dUCft^ «^*d* I Y Y'^^ ) ^_c I ft K^ « 'K i i ^Lft ijlk/ 

C-d/Jft.^ o^ ^ 't^a* ^ ‘0*jW’-V< iS^J<(Niy^^J-l (* u .‘ » ‘ *“ 5 ftJ-il^A^U- 





rrx 


jj! .!. ij ML ^1 ^/ujb ’'l’i^.i .i5_^_jL«(jjGii» jfi*r L ^i 

I ‘ gi 




(TA-I) 


(J*-® (‘-^^Y WY }(J^ • *»iLw iS^ (5jj ^ (j^5 

• CImoI oJl^* AiiS^jio >^L>^I 4>XALvti { L> 

‘S^ a . i o jL jiLx^l djUs^l L, iS^ o^5^«j* ‘ 

nXw Lf j ^ iS ^j ^ ^ <. r -*i > ' Lur 


U/ A _ ^ 




(Y‘l-‘i) 


dS^jSlo** la^ tS ^ f* ( Y A~*^ ) 0*«»l fj- L^jiJ tX ^ 

^ JlmAJ L 0 I f Ol^ Ia OyM Atf I li ^ ^ ^ ^ 

4 *. ** ^ ^ l^- * *irMI ^ « " I MM J iS b >i Wx ^ j ^ *■ ** 0»J lf,C^^j L^ I > 

jj AOy^ >—*»*. ; aL»- J«i *J'i A>ili3M4il L{ Ij (^jLm|^^LJL^ (J*5J 

( ■t ■ I »/jM ^ ^ bC mI^ j dS JjS U°,^ dX^ * bl . J l.i 

• 5 (^1 — ^2 

^ ^imLu i_5jL<i^^jljLU . i. M i ^ ( Y (^Id jLm CiJt^ 

m 

11/ 11/ ^ 7t ^2\ . 2 flTl v-K , fT 7t /i\'| 

= ~ 7 ^ - Sin — sin — x'^* + - sm — sm — x<‘M 
yi a a a a j 

(ijJIro-'i) 


£«„' - ^ - (n^ + n'^) 
2m a 


( vr®-*!) 


O . l l o - «.^ Ajj j ^ (j“V 5 jUj jLa:i>l i5lj.< K 





^ 5 !^ 15^1^ Oi-liU aS ^U. J J ^JUy,ll^y)y ^1 y O-^ 

I—^-jT jl ^l. \S ^ , . o> . a jl J n ^ n ai^ 3 <u «S aS 

(jLj-lJU. a__^ Jaia < ol^j ^^l . v - .«^ oljj a::i^lj 

. o-«l dJU- |.ljjjj jil^aS Jliil 'j rt'j rt 

tf * 1|* # Jk|f O dU 4 ^Xa* 


(r^~i) 


2 ^,.(r^‘>) •■■ iA/r(*>) 

'^“ ~ (TV^V^ ■ ■ • (^~ ^) 

^,(r(^>) ... ^.(r(^)) 

O ^3 ) J ciJl^ ^ U"JJ 

. » ~ «ii>^ ^ ^-la j«i jjiM * Lt^ t Jba 

iXm 1»ii ^ ^ Y* ) j ^ I j c i\ '< i» Lf Laa j I' aJ^i * j«i aj u ^ >3 jf I 

f LiA I ■ b ^ ^ a^ * * ^ ^ O^ ^ Oja dJ ^1^ b y 

3 O- >yi>(j» yt^ji 03^3'^ * OJoSJliil \j j}^ kS^ jO ^1 aS a^^ 

• o 'S ^j» d*^ I <0A f^y ^ ^ ^ ^ ^j ^ dJ t% » I • 1®^j ^ ^ b_ «<^ o 

cSjeX^,«^ 03ii*j* 3'^ ^7i#^ • vsU) 

4«X^*>%i»cS^ ^ Iju a JLmw j ClJt.>> iS^ ^ J j JijA 

• ^l«i^ Ofc^hMfcir ^ 


4£«AMy^A ^Y 

a~tf*- " CS^— <(^3^3* 3 \^3j3< * J^*Arf^ ^j*yuI^gk^ " «»M ,f M. jO (5^ 

3-^ kS^j—c dfc Ux jj^I L . O O ’A ^0 ^ V*^ * ».n ^l ^pa^ < ^.^..^b 

* ^ C)y^ t jlo (^1^0 « OAf 1.^ jO « ^O^bj^iaS 03^ * ol^T 

*'7**‘>bajjJ?a.^ a^ |i '*n M ,fm jJS VIlJl^ i O- ' ^ V ^iO h m>I ^^y<^ • ^_5^aJO 

J I Ouo I dJ L^ ^ jjiJ J ^d«M») a«x^ 


^ ^5l*oL-; jl ^ OOjIj ( j ‘ ‘ I.V ***' dJl^ii5^jO a_jOjO 2* J* * ^ ;5* cP J* |*^jk * 



(jS "V ^ ^ 


rro 


-^ 2 ) = p'*-‘lf?‘'‘'-'2 + ^''‘*2^i*'-^l ( VY — H ) 

(YY-'<) ‘ ^ = i(-^2 + ->^ 1 ) 5 = -^2 - ^1 ^ 

4^tt.(;c, X) = ^■•(*+*')X[p.(j<-i'W 2 ^ ^-,(*-*.)^/ 2 j (rr- ) 

JLlj*.! 4«»v^» ( Ay». Jaliise ^‘i>» j'l O*^ V^) ( T'T'—H ) 

^ Y—^ d*<i*I OjL^ X j 0*44 4 li tf li L 

W « cos' (”T~) * ^ ) 

ccsin^(i^). (OW) 





^^^<»*< «A IjT A j A o^ ^ J ^ *'* ^ >^0 '*** t5*4 j ^ ^ YJ (JSLi 

. AmIL^ « A«^ jA X ^ A^b 


iS^^. 3 *— 

AA j IA ^ * ' L. 


< I — ^ Jl—fcA9>l ;5 11^ 


i~^3j3—i ‘ i>S-> 


J b" j A A. 


L-.T 


-: J 


-OU A- 




rri 


(J la^ 


:( 


. Ij ^ iSjs^ 

i N -.-'L A_S 1 *-^ '■^ * * ~“ '» |. ‘ ' ^■'»I;«JL '^ J«i ^"mij lll) J*^ 

A_S jS j OUL< T * » ^ ^ «l»^^ ^ »^>»^ j l^ ^Jbj^ 1|« T 4^ Cl*«» I 

A LS^^ Lft«^ ^SJ Jji^ ^ ^ I j 1^^ J Ta I JLaA d^ Lv I 


" jT^o^r' jftji— A 


cumI ciixjL^f u ^| di “ bwwjI ^ lib ♦ Arfld^x^ » ^i^ do ^ 2 = T ) Zc ^ 

jf = - — ~ (r^-i) 

2m 2m 


/Lm 4 ft> aJ«^Lx»^*^a^ * 5 * aIa^ 


^1 

2^ ’ ^ (TiiJmjm, ^nlVnlitiim, 


^Mm,m, = Rnt(r)Yi„,(9, <f>)\m,} 


(Tf-l) 

^T jj aS o-»l 

{rv- < 1 ) 


»« 


• I 1^ **sj* ^ ^ ^ ll(,k At) L (/c At )jc ^ 1 ^ *>iifl lift ^ ffdk fe )K 

t A == 2vl{k — k' ) ^ djlSuArf Ci^ Ia^ tjf-^ Lj 

^ ' T y^ * «i^<i OmiJityi X A 0<jj «»A I A^ j*il *^<J* A AfcI■ * »« 

■ - * < >gi ^ '^J ^ d<J l^ t>S^ j’S tj^ y >1 ^^j>Sy ( J Lkli^ I t ( \^f.^y^ji aS 

. jL^ L iX » ^ ( k = k' 

I jl tj ■ i*' <«ii« f juL^i^ u^ O?" 

JJ—S^—? LUj? J*^ U * ^ ~^ t-> CU|jlr»_J«rf tS^>< ‘ • ’ ^ «< * >!<^J* 

j«l A^ ^j^ixsl*Jb< I**? I * *“**'*^ AI 'm m I J / A^ III ; ^y 

• '■^^1 c < ,^ a.< !> ^ « ) o 



03 ^ 


rrr 


£nj = - 


Z\13.6) 54 


= - ^ eV 


03 -?■ • *^^5^ c*» ( Yf—^o ^ (jJJ'V* 

aJu Ii i ii j* liJL^ f I \ V~ HI P> \^fO 


Ui _ Ui 
* a * Jtfmjmfe 

n'i'mt'm^* 


v/2 


*Anfin(fn,(2) •Arl'i'Hi|’m,'(2) 


{rA-^} 


^ I I Lfc c 1 ^ 4 1 Lou/ 


E. = £..,-,■ = £.; + £,-i-54^;^ + 


( V rA-1) 


•^jyt < r iii A i ft J ^ I* j tfJli >i Ij oJ L> ^51^ aS" ^jJ j >i * 5 

^ Oil ^ ^ ^ ^ 0*1 ^ 3 ^ ^ ^ i^i * I 1 ■ kS^^ ^ ^ Omm 1 

. .i^L 

C«* 05~?“ • «=«' = ! tS*>f 

*1 < I^S ^ tiXc f dS A ? i ij* ‘ * ^^3 ^ 3 ^ * ^3J0!> L jhj0 dj^Jb Okj^L; /??j ^ * I' ^ I 

4^1^ cJl>- . {Y—l rrig' ~ --^ * = i t.5^ ‘ o-^Uii li^L^ 

tiyM alXw^ Jfij >.1> jy C tb,, ^ C1«M> L5L ^ f '* ^ JX»«A^I 

f (eV) 


-54 + 


/»= i, /=0,/7J = 0 


/J = l, / = 0,/7J^=0 


« 4|jl^ cJL> tSjy I • 4|ili oJU- jii |l_J,fiA ( Y"—^ ) JS-i 

£ = — 54 “h (— 54) - ^ 108 cV j I ^^L 



^ ^ ^ ,z J (^ 


rrr 


*^^100 i — ~7^ 'AlOo(0*/'lOo(2) 
100-i ^2 


1 


li>'‘> 


li>'"> 

1 


= ^^^.oo0)«/'.oo(2)[iiy>>i-i><^)- Ii><^>i-iy»3 


(^1 


£■««' =-^11 = “54 


1 1 
i2 + 72 


= -108 eV (a-I^^U) 

(vn-'i) 

== lc-Jl»- j«i a5lI^I Lf duifl oJl^ 

J I 1 J I 1 » OwM ^ A' *^ * 1 J /I — 00 ^ 



eV 


jlA 0 ‘ c5^) 

\ I I I L*£ 11 Tft A«^l 


(£,^-£,,)= -54-(-108) = 54 eV 

• ' i 5 ^ fyg ' * ** ^ ^TT cV Lj-Jis tS > " «iiil ajlw 

l^A-< tS < I -mm. aaaIj dS Joy/jt > '“ « j i tf5> ’ 

a51^ ^ I O^ ^ ^ ^ 1 AOuw AiJ^ ^ L' • JuiS|^iS 

•Xjhw IfA^Xwl o ^j, ^ A » - ^y t A^^lf Ifjii A j ^ ^ 

^ 1 ^ " ■ 11 i JIJ ^ ,| i 0> jj ^ o iJ-Ai j J iS 1*^ > A«js I L/ • AJ Liv^^« *-5j ^ i M « 

. 5 JiJ'yj JLfccI i< JTaO^I 


(^1 Otj I .it gt 1 I I ^ Ap. 5> > ~ <iirl ^ iSjjta ( 1 

0^“*'#*J^'^ 0»<^ 45^1^ • n'l'fn{fnj y nlfYiim^ 





rtf 


J ^ ^5 J f ^l * ^ ^ ^ J,' Ih'VmiI 

n—l ‘ A l|jM i(jA^ Lt 

• O^ >y ^ U 

(Is^) / = 0 ^n = \ jlj= 


(ls’,2s‘) 

(ls^2p>) 


• 1 ** ^ • 
J 'j- j** o. 




-1 •• 

J V J* 




/ = 0 ‘ n = 1 
/' = 0 ‘ /?' = 2 

i — 0 ‘ — 1 J*^ 11 <>S^ 

I' = \ 1 n' = 2 j*^ s 

' 3 Aijlif ClJU- yJitfljl” 

cSjj-^ uS^j*-^ (Is*, 2s*) Aiiv^lj^ cJU- ^>JJl yitflj'*' • ^ 11 = —108 eV o *^y 


£,2=-54(-^ + ^) = -68 eV 

I l,2,0,0,m,w//n,/w,,> 


'F 

* a 


f/^100i(l) 

,y2 I l/^iooi(2) 


l/^200+(l) 

lAzooiC^) 


^ •AlOO- +(1) *A200i^(l) 

,y2 1^100-i(2) </'200i(2) 


't'c 



l^lOOi(l) 
100^(2) 


^2O0-i(0 

^^200-i(2) 


T.= 


^2 


^i'ioo-i(l) 

lAioo-i(2) 


’/'200-i(l) 
^^200-*(2) 


(f—H J^) 




, 1^*0^UJu jliXa!/ L( Om«I 

aj ^' ,1^^ , n—l <3^iX * (J«®1 J^<i5«i^j ’■ ^'* ** ^ ^ 

. fcZ—il jLf AJjljJ j^(ls*, 2p*)(jJ«lj^j-eliu Ij 





f lev) 



1 1 

1 1 

\ \ L \ 

1 

r 

1 

I 

' i 

n--2J^ 

_i 

1 1 1 

0,m,=0 1 n-2J-Q,m,~0 1 n-ZJ- 

1 i 

_ I _1 _ 1 _ 

1 t 

0,/7j=0 1 n-2J-0,m^-0 

1 

1 1 

T 1 T i 

fl = (,/=0,/r7^=0 , /7= 1,/=0,/r^=0 i fl = l,/5 

I ! 

_ \ _1_ 

1 * 

0,/n^ = 0 1 n-\J-Q,m^-Ci 

1 

1 

J_ 


M') (v) (c) (^) 

• C ^ ' *- " *- S^* ^x cJU- j\ir^ ( f—^ 

. £■ = ~ — 68 eV iSjj —^^^ jl 

. On-«I iSjj'^ f n~l 4 i—*-?v--' '-^ 

J—iSImA^ ^ji a i>' aS j^ j ^ 

I nn'll'y = £ X C„,„,„. 1 rtfi 7 /'m,m,'m,m/> / f i _ ^ \ 

mi m» n'l'mi'm^ \ ' * * / 

mi' m*' 

1^ ^ ^ ciJl^ ^3^3 

£. = £nl =£nJ +e|.T (t^T-1) 

rt'r 

(j- ^^3 0-~iij-^^^ ^5I^- t JU- ^ _ ,. \ ;«a3^Lc • •^Lj 

,_^^L AS|k^jLi^( f ^ ^ ^L * .11^L iS^n^js ^^ ,j .1 a> ^‘1 (^4-:JI#-a^ 

t5^ ‘ Otf^ « Ij 


X9=^ 



(fr- ^) 


. AliS^joJ ^Xe ^1 (f o—^ J 454-'^V*X*^ • {Sj^ * Cl*—! 

^Li^-J^<iliwl jl A>A I t" iii< t Ij A I * III* ( OamiI A J L"*“ .'O '”***' iXJSJ o>?- 

fht^ 'j Xj iS*^ ^jIajILj! aS CU-I 








^ §(2) 


(JS A^lSi jSlLx) 

Jj ^ ^ ^ C- 


l>i' tS 


Lb&xJi 


[£r^ £ 7 ^] = if^tp 


[Br\ 5 f)] = 


(ijk = xyz jj) (f f _ ^ ) 


L ( jjS i^gJLsc bbj ^ i^c « v 1 3*^ 

(j®>* ttJ*» c>*^ 

?*5 >J 4 4^ ^*^3 aS ^ji I a- -»v ^» ? j>^ . Xjljif^Ly 


= E^IE^LSM^Ms) (E. = e„^ + 

1 E^LSMlMs') = L{L + l)fi^ I £„L5iW^ j\/s> 

S<’')"|£,L5A/ii\/s>=5(5+ l)ft"|£,L£MiA/s> (fA-<l) 

£^^>|£,L£A/^A/s> = Mi^h\E,LSMLMs'> (IMJ < L) 

5 ^’')|£„L£A/j,Ms> = Msh\E,LSM^Msy {\Ms\ < £) 

f f—^ )u»^^X ' *^4 £ J £ 

4 o>«* 

{_^ 4 4^ '^'•* ck* $<^>3L^^^<5UjS1La «j4 45 

<L i< > I >3 ■ I mV ^ j >1 > 1^4 aXA l«^ I » j_j *1 Lm tA^ L^ A_^ ^ y ) 

4j«j f5«4* ^54-zJl>■ . •i;iAZ<M^4 * oi« 

< ^If ^^”*1 ) ' J*^ <iS4“^ 4$»ij|f j Un >A-^ ^ i \‘ i ** iii i A J 4 » r >. ) l>“ 

takA f A 4 m ^OAM^AiM * |fc |jt* llll» A ilM* l^lO * 4 4^^ 1 4 « 

^>S A ^ i * 5 ^^< {£4 ^_jr 4 **4»Mi jJ * » 5 JI A-li>. ‘> ' LvIjA^ ^ If 4*~‘*^ ^4*' 4^ 

«(j^«»4 ; ^ytj» (j4zl i54r^^4^ 4 y'^4-1 i54~^lv«y^>^ aSci^-iIjj^I^ 


|£,LSMlMs> = 1] E„,„,„^ inn'll'mim/m^m/) 


mj Mg n'/'mt'ms' 
■Mi'm^' 


(t^-M 



rrv 


jC f rt‘■c> 


rt , ^ *ti l^%o I ^ ^ <* ^ ^ ^ < \ n' *»i* ft ^ ^ 1 ^^ Vr*" O'*- ^ 

• A 0 ^ L A^J^ * t^ 1 ^ A «3 I 9 *■!> i L^ J k i l l I I I a-y- L j> wb La ^ 

• *Ayp^^ ta 1*^ 1 A^ j*^‘ -^1 01^£ l-«hA * La 

!tf L—S ^^^) i3i^*-i 15^^ (54^1>- *3sfj 

V 1 

Ij rt—/ a-iXm ajIo ^^tS^ j-< S s L, jW'* O^^L?* ' '■^^*“^ fs^y* L*( 

aS i^lJ S I jg^ ^ Ju ' J O*- ^ ^ | _» > t *Xo ^ Jn^ A^ J I tt' -Iii) I L 

■i:^i^j^i. \> iiO y JkJLlS^A Jijif**' ^ S ^ Lj JW^ 

|/-/'! <L</ + /' i |j-j'l <5 <j + 5' (fY—H) 

;5 L^.I i I L>'(jg ^J-iiJS IS* 3^^^ OAtf I 5 = J = -^ \^yjZ^\ {S^yi Ciy^ ■ 

• i' ~ I i / = 0 »t5-^‘ (Is’, 2p’) j J • S = 1 Iji <-;i*<><'l S = 0 L ^ jif Ife ^5^^ 

^ t! - {S W"^ ^ J'^ jl*i««A l.^ • L ~ \ 1^^—Oj^ Li j W'* 

■ —jIjISjl— J-ol L ^ 0 “^<Sjj ^) C*^ 

aS >1 ^ ^jj^ v \ ii - 1l^-rfT^I ^ ,i <a jt^ aS L^■!* 1cS^J^ 

iS ^J—i (J«< ^ ^ *-^ (Jjl® ^3 J3^j* J ft ** » ‘ J «i • >XJ J<i ft * * *^ Iw «. \ I A ^ (^y* ^J ^A i I j I I 

<ijio |J<«I ft yA^ Ai U Oni ^ ( 3 < ^ - * -f • '^'^^5* ci*<*<J4uf S 3 L 

^3 ^^^ ^ ^^^ ^ J iS^ L^<* ^ Ij*1 ^ ytc^K^ lAj^ ^ 

ft-—HftS*«'^^>»iji'^ j'ft • *-:i*«<'l ‘ ^ * " ‘ ^ ^5* <iiiiL ^ J ( n ) 

^ L^- A ^ 11 - ^ v ' ^ i^y^ L^ 1^^ Ljh^ • ,^^^1 iy— 

• -X^yii l_S \»- I iXiyiif^ ^ ^ ri 'gtjA jv ' J •ia<i»'^ aS I^- * « 11>- jl 

Irf« cuJl*- , (Is^) omwI ^^l a > ft;^!^ oJl*- jji^ljT 

(-AtfO^jAfi J-®* ' I = r = 0 3 « = «'=! *jej 

jl>: O—‘ ^'^ts* *J i^s = ~i) ‘^4 = ^ * m,' = 0‘^i =0 ‘ ijr^) 

• L = 0 U 15^' (5l^jJl>- «(tv — ^) J’i>—ft i3’—X • 3 

^ “*u*^ Lii* oJ L>- Am ts Ij I ^ ^ ^ ^ v* A m < h *^0 ^iS'=l *L = 0 3 s — 0 


1- Russel 2- Saunders 

*V^ ^S^J S*j wbSift^ Jb* K 

A. Messiah, "Quantum Mechanics," Volume II, P. 1054.Wiley, 
New York, 1962,. 



cr^03"^ o/jj ^ 


rrx 


. ■ S i til L L cJ l>- t_9jJU XiJ ^ JLi flS CUw l( ^^5 it 1 ‘ — 0) 

(T ^j) jtj Ij (*Tp'^Cy* 

|(ls')> = lELSM^Ms) = 1 -108,0,0,0,0) 

= tl/x/2]f^ioo(lVioo(2) 

('f/r-J J ‘ l. fl) 4,^1,^ oJl>- ‘ 

S = Mi^ = Ms = 0 1 ^ 43^5 U §^-^^3 ‘ cJU >; 

4 (Is', 2s') (j-ijIj"^ U _^Liiu a5 ^ 'f e—^jS^L(l A 'j»,f^ . ‘ «j 

i. ^ j^ S = I • L = 0 ^ S = 0 • L = 0 t I J ^ t 3 ^ 

' ‘^Jl5—• jball-'I ‘ j^jp (J^ (j- ' » ^ -t ^ < 0^t~^ 5 

1^ (_b^ ^ ^ t5j ^ J a l,i«i»jAij a Jum ^ C i«iJ L^ ^ >a \^jtt ^ j * Vii ' *** ^ a^pi K"j 

•i—(Is', 2p*)cntfb^j*^ l^j J-fli a.' fttf" ^ ^J,il . Jjljl?jL. 

. { mi^m' 

O’*,., ■ s 'U^ tS^j- i { f 1—^ ) 0 *“^ oLpI 03"^ 

f aiA Ij (Is', 2s') 


68 , 0 , 0 , 0 , 0 ) 


5=0 


\E,L,S,M^,Ms> 

{fAlOo( 0 ^ 20 o( 2 ) + 1^100(2)1^200(1)} 

v/2 

{|i>"’l -!>"’- Il>"’l -i>‘"} 


V2 

- 68 , 0 , 1 , 0 , 1 ) 


- 68 , 0 , 1 , 0 , 0 ) 


v/2 

{•/'i0o(0l/'ioo(2) — */'ioo(2)i1'2oo(1)} 


(f^-l) 


^=H 


n/2 

{|i><'’l -i>"’+ li)''’|-i>'"} 

" v/2 

-68 0 1 0 - 1) -» ~ I _^yi)| 

\/^ 





• a. *i^ . j? .(1^ c:JL^ 

j4~>“ jl ‘ *■ " ■*■ .: ■ ' ^il-»»l <S'^y^3 ^ (*-^^) 

• »li *w ^ If O*^^ J j>i i<Xl 

^jb cJL^ . j.r:-jk ( V ) 

O-(T S+i )<^-J=L;i-t5-:S^O>?- f L = S = Mt_=Ms = 0 

l ^ w * ^ S ^ ^*^ ^**' ^ ^ ^ ^ ^ A 1 B%4T V "* * J • CImm I Cluj d*J 

^..<4 "•' • ijU-f dj tSd^ cJL^ 1-^ 5” = ^ ''^I*" i>iIj-iL*< •—-^j .0 ‘ + ^ ^ ‘^><^>< 

« A J^ao b ClJ C5^ ^ JL^ . Y 5 + 1 * ( J- ^.V 'l 

*A<»A ^ 


£i 2 - -54^p+ —j = -68 eV 


LilXd ^ (^ ^ I cJ^ ^ Li’!Ld La# ^ 1 ^ duoJb ^ ^ ^ 

* 0>MiW ^ (jL« 4 l^ 3 ^ ^ ^ 1 *X<W 

• CUm^ 

i \ iSjU^ Ij (y^^) jj rt .L^ t aa.& ( a J 

iJt . *^ " 45 V*» ‘^ >8 4 ^ iSjj^^ 454^1>- iS^j-c 3 

• Jl*^ ^^10 

**-*^ ^ ^ ' V^ J ^15*^^ ^ 5 3 Lj*'^^ 

• j ■ " '(5< 4*il-ii T 5 +1 (jS;l5xi> !>< i-Sif ) L j o^f b-J 

’5=ljZy=l(^lj1j ^P A? l> j j < li^AMr I = s — 0 '-^ * l 1 ^ o ^3^ 

f ■' 1. 1 f ij«^ i5+^ * ' ^ ' j^A jj Ij^ (Is*, 2p*)«j^1j^ 

'-r^J^ (^P) 5=1‘Z<=1^ (*P)5 = 0‘^=lb 15*^^ (^ly-lJU- L Ij (^^K tf bbiA o^if 

• duvI ai^ I^a 4 ,^ d4AA I j ^J^ 1 f A fc " * 1 j j b^ ^ ciaJ Cjy^ " 

(5b^(^ ji^c b-ljjSSJI ijyf • lo*i>v# 

tSj>'^'^(^b^'^J'^->*(^s*, 2p*)j (Is*, 2s*) »,sb—^U^' jjijLa:; ciaIca.^* 

j^iij . .ij-ibL?*—PA ts'j**^ *** 3pj *p * ^S « *S tsb-^bi* 

C«^ tSV^JJ-'b ( 1 O A.j JjiA-(S^ |_5^''i.‘‘“ifX 



Oi*V 1 


rfo 


^ o j J^) o^^y'-y* S } L j:!'^^ >-.m..-»^ l^^U- 

t5'>f‘ <.l.xL ( ajL* *dXclS^ iA^lS i^jyoA^ t5^J^ aS jlj 

j j f j j . AiiL 4:;^lj iSj^ iSjj^^ L t5l^^U- « 

D^’j^j*iO—ie^(^ • •ijl'i ^S cJU jl ^S ^U . (Is',2s') tA<ljT 

.(A-^ ipoJUjl^^l^3p^U . (Js',2p') 


^(eV) 



(jr^S ^y^^ ;5*-^ t^l^f-sJU- 

, Allf J ^ I 

Z jyi^^ Lryj * »j>* 

cS^ t ■ * ''.iifL c %x£If I twJlf jJI , j^iM Ajljt ^ ^f > ■" > 

^jlj^J,!.. ^ J §(T) ^ §(0 j t<^' = 'j 

• S y L jj L-S «xie*i^ ^ 5 l^-:JL»• 

|l + l' + l'---Lln<^<(/ + /' + /' + --’) {&o-\) 

|s +s'+ s'+ •••!„,„ <5<(j + j' + j'' + ---) (J = J' = j'’ = --- = i) 

. A^if A. ' «tf* 5 > AjIajI iS iSjy^ iS Cl«wl I I min aJa^ 

cS ^ ^ uAi ^^ Z t,y*^ ^ "3 ^ Jcy* ,/t i u<<Lf (Jj I 4 ISi J 


3- Hund 








,^^^-<0 I ^ i .i l^ L^^ i ^ 1^ Ia-* O^ iS <5*^^ 

* ^ ^ J^ * I.S J ^ J dS A *.iJl CUA> l>* J I (_5^ l^* til ; t (^^J5 ^ 

^jL*^ , «Ujl^ n jIAaI? ^^4JIA &|;!^ ClJL> i^-aol/l ( 

L I ^ L dkS ^^ iii | < l^ Ljte 1^^jT-VI.V<i. 5 A«i^^«^ 


J -.^v-.-; — __ 

k]ig~k)\ 




^2(2/ + ' 4 4 ^^ j^j l^psJl^ g j*^ «jij 

Ajj !^ j ^ • J i . <-< n i I I >iai< k 

c^ ^ <- j" ^ '^jy^ {!jti ^ j * g — k ‘ V ‘ L 4iii£> I j 4 ^ IS j L> 4 ^^ '.S^ 

C/t j^ ji * 'ft •i jy*j'^ 4 Sl«jk f ^s d*Jl^ ^ ^if^.' ^^is* y < ■ "“» ^ 

4i;i^ cJL>- ^Ji,flJT«S^ t5^x( upV^ j^IaaJa^ J j_y*::l ^l^^l>' 
jjl^ i5*x *j o^ <jV^ v5l*4j^ ( J^A» jj . ><<j 

4' ^ H F jL>v^ ^< rt j >4S iS t^yi , ^l4jlj ^ t5^J^ cS,; jj P J S 

4iS <S 4 ■ ‘f 'Jp' • « \ I ’i wi ft t <.^ Ls « ^ ^ L^A^ f IJ >\* aJimv^A^ 

L-{ C.*—<1 4«Xii A>^ t J n / |,.S^ I i i , « i*> l «jio l^-iS j; I jT j^jA^ 4‘' «II| | ; lj > *j 

‘•^Ti ( 3 j'* ' • ■.i-J^4Xt L~S jjSxiOii^ 4J^^^ jl aS ^3*^1 ^ 

. jjl^ Ij ^loJu t2/tfj " - »L »- . ' A^^ aS j3£l^t:;l fj~i qS^IjT 

• Om«I t><J^4 ' V ^ v ' v ' 




^5l^U 

15*^’ 

Z(2S+ ])(2L+ I) 

(3*-^ ^l(-:iJU- 

( (3-^ 

L~S ^ ^ C"i<»4 ^4 j 


15**^ Liot3 .*" 

9'- 

klig-k)\ 

2 

*S 

(•••/«s‘) 

2 

1 

'S 

{■ ■ • rtS*) 

1 

6 

»P 

{•••«p') 

6 

15 

*S, 'D, *P 

(■ ••«?*) 

15 

20 

^P, *D, ‘S 

(•••np") 

20 

15 

‘S, ‘D, "P 

{••■/IP-*) 

15 

6 

*P 

(• • ■ /Ip*) 

6 

1 

*S 

(■■•/IP*) 

1 






Uj-»? <^0-^ ^ 


rfr 


^_5l.. ^■■ ~ , I 1 > ■ 6j I £'Z,5Af£_ A/j^ j_5ly^L*- l^ Om»I L Af ' * * ? * 

I ELSJMj') U J^P = tP + 5i’'> i - IL<^» + ^ 

J—»%« < I A/j |^yLf|Z- — iSj ^ J ^ L + S (3^ J 

^L?** Lm*<^^ 3*^^^ 3 V *Mi ft* li>‘ Afrjia* ^ c5* 

&5 ^ L; (JSLi jlkS 1^1 t^^j-i 

Ju ^ Cj Jif " ' ^ J ^ ‘ * ' ii • ‘i-ii' ^ ^^1 j ^ * * ^ 1 1 J*^ 

• ^mA M t I I EESJ A^J ^ t I l^ 4 ^ ^ ^ ^ ^ 

djL^I y ^1>Xfto ^^'< 1 *^ 1^ ^ \ c ^ 1. ^ |>1J * >« ^^^1 

• ^03 j ELSJMj') = I £", 2 , 1 ,3,A/j) ‘ J ^ ‘ 

P T^I C-«iJtc ^ '^ g ' “^ Jr ^ *■ '? ' »? *'“ ' ' ^ J«ii4 L iS^J^ 

(L-S) jj<Xij[u >— 15*^^ (^Ij-iiJU- * '^jy^ Oti^ j'^ ' '^3^(S* t 5 “^ Cw*“^ 

ftSvi-u-t ^a^cuL^ ij\y»-jio tJi^ '-^jj-j Z U < 5 !^ . aa:5,j«j iSj^ 

^ ■! ■ « » jA y""/ /“l/ 

A^m ^j>^l<‘i« 

jXsJjf jK «)p. 

~ ]0^^ fci—■—jl ^i*«<i«^<»« m.>I^A A' Aa‘‘ Lfc^U ^ C^lji^Lt f A1 «Ia«L> tjfj^ii ^A 

< jl I A (jw A|{A^ Lt^Af toL^Lt ^ O^A*!^ ^A «A«I^A • A < "» «i ft> 

i3 '^J ^ JS^ j ^ J^ tS "• ” ‘ “n ’ “ > ft Af Aj,<i^-<» " ««« j ««» 

i^j-fi I Lf • (AjjJ J ^ ^ *“'»■« ^ ^ JkjcT aJL® I# 

^jS^j^3^[» jbij ^A jjiiJ 3^ ol^A ‘ j>i A '^3^3 

iSj^j (a>1^jA jA (^He «Jt.* • *^^45^ t53^ O^ 

\^^3 —^ ‘ aAj^aS^ ^1 ^A . AjIa («-^)^He3^ ‘A.^Ua* 

Li^ j *l««jA If—/ T I A I • A .*^ i| . «* i. i» 

•V-^ A*^l^ JlS* ^lyLc&f 4r 

E.u.Condon and G.H. Shortley, " The Theory of Atomic 
Spectra", Chapter X.. Cambridge Univ. Press, London and New 
York, 1963. 





ciyj ^ J J *^'® *\i ^ ^ L^J tj A f/ 


. cu^l^-TojU:x. ":iUtS 

Jy olj*i j Ub 


= y ^!!!1 ^ fXi) , P ^’^ = o 

«=i 2m p(’)=oo 






l// - ^ r'fc-^Mi \ . 

^*‘’”* 1^5/ ■? Cfc --T- 

VT^ 2m 


((iv-l) 




2^ 

** = ^7173 + "*•«)’ w,,w^,n, =v::^jjjl^l 

^^laJLi li ri> L>- tS^J^ (J^ i^i«. * jJ!■>* 1 >Uiylil^J^^ 4>llj 

I®) — I \S^ ) ‘^(^•1)1/2 •^'^k.m.CO^/'k', m,‘(2) ‘ • ’ ^k(N)_ „^<N)(N) ( ^V — ^ ) 


l®> = Itr^ > 


] ^k,m.O) ■•■ \^k<J»),m,<«)(l) 

lyTI : ; : 

■' ... (/^kC-). «,<!»> w 


(af-i) 


J ( J^ ^&S ^tjjJiS ft i^ iiiM* j >3 J^ I*..* ft " IM^ 

^jl—JC Lj i.l>Jl>. . ^ - i»<^L< ft iti ft«&l>3 »^k,mj ' j^^ftj J t ^ ** (Jtxmit 

. ^jLl^ Ij 1 .mL« 

k> = IK„J> 


^ iA n » I K J ^ ^ t 1 ^ I ^ L-S^^u 0^ ~ FRj} OlC 

U j tl > kA ^^1 c U ^h,Wj <i:Jl>* J%i 

^ft<0 (^ a^L( 1^ (^ ^k.m, 


F V V 

£« = I ''k.™.£k = I ”k.m.^ 

k, mt k, ni( ^cm 







rff 


^ J Uwr ^ J I 1 t A 1 ^ 

^“uS."-’”- ( 4 ^-I) 

kSjj—^^ cJU* jJ ijj jA • oJL> j-i . .mS 

Aj ^ ^ * y^ ^ j ^ N " ' ^ jT ' ^ ^ ^ • tJ ^ J ^ * Jf^tl I *i J 

A^l^ClJ L>- j J d«X£ (J Liiil j ^ ClJl^ M J*^ 

• **\#^l-' (£*j^ 


jUT «^lt> jtUc 4 TV l^Liw— ) \ 

^ '‘ ***»‘‘'C5jJ-^I A l , t^jAJ ^^^J»^S j* * *** ! **" {^k.m,} d jl J ^Ji^lJT 

jl. d^l^ ,_j^U^ ( ^“X^k.M, ' O^ J—^ 'i J ^<t ~ X^h.fOi^k 

^ ^^ ( J *'^ ^ ^ I ^ ^ ^ ^ d^ ^^ 

I'^a.^) = |a> = K'Jk.^,}) (^V-a) 

fl* I d^ OtiriW J I^1/ ^ « CTmi^ ^ J ^ I OlMI^ JJ ^ ^ oJ lii>' I jE'ij , j\^ y SiZJS 

^1I >\ V* k~< j b ^JS ^ IjkjC J J*^ O ^OmU^J 

CUwlj 0^1/ * ^ <5* oljj U 

,i—« “ *«■ » » i^x** U (AY—^) Sr*?' j*^ olj j J5 j(.!«:; ^ tSjj^^ • '^>"c5* 

. d^l j (Af'—1) j (AA—^ 

• Cl«b Ij ^ dS «iM»l iS^J-! 

f_C ^ yS J * 9 ^ ^ Xl< Jk|fL;4«LwL^ di * iiiH|^ 1^ d^ ^ 

^L_f vijj-'^ L{ j J I J bd |jlyl«d.f . J J tj Ojlil^ A^ L^ l^lyjljl^ \^JtH 

(Jii-^*^ *-^ • 4—i^b 4 jl 1^ J^^d^ oiji dJ 

> * > b[d j Lw "^dL< dJ CUm I I «i^<w d ^^ ^aSi J >i ( A^ U^ } ^ l(*~ ** O ^ 

i5^ .(. “I L*- dxj il»^^ I d jUSd*! *ijjd 

* t.j^ * N 3 

\ 

^|£,,/Y.>=£J£,,TV,> 

J9|£.,TY,> = A^,|£,,TV.> 


(TV, = 0,1,2,...) 


(AA- <1) 



rfij 


‘ N ^ 


(J_^ U jl Ai« Omw L < I £, y N^y t jl j'^ ^1 

^ ^J<*i . ‘ * ? * iSjJ^ ^ ^ ^ l»-C < ^bu j III ^ ^ C *>S^ J IM" ? I 


/? = i(f^'>p'", ... f<^.>, 






(6*1-^ 

• < r * w 1 oJ L^ ^^ dS 

|i “o ii ij iiipjl^^LiT \Sm* ^ oJ^> L^ If LfJLc ( 

^a 0<J!p 5 ci-Lc^UsI . 

, djl«^ Ij £1,, A^iy)oJl^ ^ ' **** tf *** C)J^ 

^Iherm = X ^a^^oi » -^a I ^ I ^a) (^®— l) 

U m '*y^ ^.5^ j U^ sj ^ jJ-fli jij*^^** *4«i.i Cjttjip j L* c Ii« w * v J^ A ; ' • C i*»»«i4^ 

ol. i *^>“15* **^if*^ Jnt tiyt* jl • ^||«^(J* 4^^^vo 

« *tf j , \ * ,i * 1^ A Jji j f j < ^ i> f^yicjjp ^^!p ^ j Ualwl < 

lw^=\ 

a 

4X^*^4-Ck)^^ CW>W-“ ''^US- -K . 

4 4^ 


AnN.-TE-^VkBT 

W =_ 

* X« 


(^B = (>*.)^>f 




Hwb d ^ cumI 0« X w 

Ll|« '^y*jp Jxi«^S,» < « \ w |> j A>« ^ ’‘ iiii^i D ^ L* ^ 15^5 * *^^^15* 

^1 d«iijL4M4^ b 



Orf t=. j ^ 




A(H,T) = 


la NJA\E,, N.> 




E.viBr 


(J^T-‘1) 


Ojyfltj 1.5^ jj ^^JrwyXo . d.^L>«« 


A(H, T) = 


Tr^/i 

Tr^ 


(^r- ^) 


jl ^lM»l «^jLe^ *-^jj^ ^;^TJJ iS JyS, 


P _ g{fl9~J^)lkBT 


A» < t. « " ? * o««l ( ja> jj) jl Ojl^ Jj 


Tr pA =1^ <£,, N, I I £,, iV,> 

ff 

= Z , N, 141£,. N,> 

a 

i 

Tr ^ = X <£,, NJ I £, , N,> = X 

a a 

jj *d J l l »l»^d iSl^J * *3+JI ■ »Xrfl^jllll ^tf J*^ ( ^V**“^ ) i 

j 1 h** !- * I Is I -Ad j I |k IjSj |i ]f cl*^ U Ali y > If xMii* < S »ii n . H > •\'L; ^ p T~^ ) 

. 1*^ Ij <£,, A/^,|4|£„, yV,) 

Ja- wyA Oi*^ iS^Ji tS d^LpI 

JS-i*< J—ly . |£’„, A/a> H5l^-iJU- 

k.HIa 

vJSif jlkcjl J^ls jljJu jl Om»I 

ijLjbil jIJlcI 'Sji ^J<«l ^k,m,(/^> ^) i (^IdjA^jSb oJL^ 1.^ J J ^iO"Ml>£iiI; 

^ ^ «i*XnW^S>J J IaM 1 * dMifl 


- 4 - 


0‘P^y< Cs^y n * <5'>f * 

I'l^d J t ijbu ^I^JkCd^ < J jjTouvJw \s^j-( • d jl>i 



rfy 




nt . = 


*•'". g(*fc-<i)/fcBr _ 2 


^k, m. 


1 


g(*H-M)/*BT _|. 2 


^(MfT)= Z nk.m.<k, mJjP|k, w,> = Z 


k, m. 


k, m. 2m 


?7((i,r)= £Sk,„. 


k, m. 




^ *•<“ k J «iJjl J *'i*^ '■^ J'^ olj j t (_)** j*i 

iS t -^ym ^ J ^^ A * ( ^ 9’~ii ) llSuMfl L^ i ^3^1,9* 




(^A-M 


jS* . Y U (^ = i) 03jf^^ = 2j + 1 V«^ 

xj tj^<* ^(fi) vJ^*^ O iftf **^ J^ J *” ' ” * 


X(ti, D = r, ^ I n(p)^(p) i/p 


J. Kestin and J.R. Dorfman, "A Course in Statistical 
Thermodyncimics" PP. 343-349, Academic Press, New York,1971. 

C, Kittel, "Elementary Statistical Physics" P. 86, 
Wiley, New York, 1958. 



o/jj 1 


VfA 


~ g(p^/2w-M)/*Br _|. J 

'^^ 45 * (^Y—^) J Ci-lji ol 

7’) = r, p Jn(p)^ iip ( P (jUi i^U::) (.jjlf<l_^) 

3 

f^{f^,T) = r,^ jn(p)dp ( P ciL" (*1^) ( 

c5^ ■ ^ -’^yi tslx ft C*^ (J-®^ Lo^-ai*^ 

{S ~ I (a ft^ '^J ^ ^ ^ I < dftft ^ l« j 

ly-ujl>' ^^l , A^Uj J l^l IJ k = 0 ( 5 lftj>i '-S: 

j.i . >ijS ft JIjSsjI t-Si; jI jJa?* J-oU- c5l»-ft< 0^>'t5*-' 3 •^y^ij*^ *— 

• •i-^15<» Jlii I Ij k = 0 ij:-tall>- Lis;^ C 1 .Iji f To ^ 5 - 5 !(^LJ jtj j'^ * 

J-ol . (f— H J^) '-*3J** ^^•\!\ Oitfl 

••^>*t5*^ k =0 J*i ( 5 *^ C«^ 

Jh^ L ^ I ^ ftu/ ^?*hW f ^ A^ Omm 1 ^ l *^ w ^ ^ ^ I 

E = E(}i,T,t 3 N = N(ti, T tT) 

SlJL» J— A jO u51j^.i (5^>* ^jy' T' = Oj-i 4 ^ Cm. I (f—^ ) j' • '^>“ ft2.ty 

. jjl jj fip L, (5 ^jJL>- ^ Ojl j jjjjiUI t-Si( *451*^ jl^ >0 

fj ■ I 1—S.> ftJ^MMjft^ JoIm J^iaft^ f j> r*M l>^M> J«i ^ a^l JkjC ft li^HPjft^ ^ ^Jp 

\j ^ ^ i 5 ^>i • '^y^Ul* Oft** '^l.lj.i 

:^ = p = p |«{p)‘^p (r, = 2) (Yo-^) 


( T = 0 J-^) f^*^3^is* 


■ £f“/^|r*iO t 


7"= 0 j«A ijrf*«“ 1^ U 45** 







IPI 

^ Pf 

fS 

u. 

IpI 

> Pp 

\2m V 


/3/,3 vl/3 

.to'') 


2/ij^*/3 _ ^2/3 

2m 


j«i *^1^ {Y®—1) ‘ iS}^ oLoi-tf J|{Jtp L 

2 {”% 2v Stt , 

P = ^J„ 4^p ‘«> = 3pP,^ 

j J cuw I oj ^ 

(ciJI Y1-^) 

**>“ty* ‘ /^F — {2w£p)'^^ jl AjlicLuil 1^ 

' (vYIM) 












n* = 


1 

g(£k-M)/*BT 2 


{YT~H) 


Cl/ J) l^^*3^i**p<i>pft) ^^^J^ ^ ^ ^ ^ ^ ^ ^ t I^OhM ^j)!^ILai> 

5j_:Vij . j^b ^ jbij ^SyJ « JjIa; ^y>-y 

^ L^»jT ^Jjf J~) t> iiijS» Lf tlx j»i y^^\gy^al> Cfl!~l aJ^^Ij 

jJI , 'XV«S t-«m*^ ^y£ LdJ iSj^ ^*3 ^ ^ ^ Cw ^ ^ jliallrf I « ^y^^yf» 

f jmL £ '>' nk^T 3^^ 

^ _ ft ^ ft _ ft 

p (2m£)^^^ (2;rm^B 

jUa^l < A'* < |. < " > jJ • i^yi>^j» A«>lu^/ = L jyio^ 


X<d, 


h ^ 1 
Qnmk^r)^"^'^ 


I. 

T^<T y [T^=^-—) (Vr-'l) 

2nmk^ 

g(M-£K)i(TB ,j—•3^>{ ‘ ^0 c5* ^t <5^«> 3^-P^^ t^3 ‘ 

jl . c,**! 3 tf^ ‘ '*>-tj* *Arf‘i (f—^) J^ 3 * ‘ Cf *3 ->•* * 

jj"L^^ A.^ ^J»^pJ\^^ j\^T i><^ J^3 j** *j^ 

• f^is* 'j ( 5 « if~ *« V * £ji^ ‘ 4^a3x tS*-H • oJU- 

j-k^ 4—{'^'^3^ vr^ (Vr—1) To 3 0—1‘ \3**J lirViiWif 

. o—Icm^^ Ajj ~ >!• *^ •il3T^03J^*3^ ‘-•^ 3* • <3^ 

j:— 15 ^ 0—1 To ~ 10 , 000 ° K t^l»j 

. Jliil Ij ‘ J-»l *J«f-'j*< oW^ ^5^JdU■ o^Pot^y^ 3^ '-^ 

t5^3 • "^y* 3^j^ e*» 1^ I* 



(JJL^ 


rci) 


jj Ij <-S^ lJU ^jJi; jl dS 

ij^a^ ci-lj j is“JJ< cs^W^jj j' ‘ 1 ° J-^ j** • 

« 1f I A Olw d t I 


vJ^Liyl 

»-jL>- *-« '* « " J CU*<i^ Wlj f dj jl ( wjJlj *l 

*^J > «* *»* f (>« • AtfJjA ^i(0 

'j ^ ^ j ^ ' «i « , f » . ^y£> tMiy Vij — VQtj — Fjl) 

. f I i Aj-i cS^X 

4_^ vl)LsJ j ’ ^if *«» i{ >^ J'' U jjJ y -l j dLci ( V ) 

> ^■^l**» (^Idj j uSii 0 ^<^ljud< dJt^la* f dJidd>\;>iU 1 ^- m/^S ^Aj.) ^Jf^^ 

■ 

V = ^/(Tx^ tS*^ j£iL«^ c5^ 05*^ ^ ^ 2 ) 5 *^ T—*1 

• oJl>- uSi( j J 3 

. .i^ f '' *». tf «> d.V^' 3 ^ t5Wj>'^ ( '^0 

J^ lzu (^l—^b dj— f mi ^ m 2 (s^ ' Ai-ib oIjA jJI ( ) 

. A^ Ia^ ij l/^„,„<Xi, X 2 ) 

'i- iS^yit*j* oijA o^ iS'^jy iS^j-t U (v) ^ ) 

. A^ jIjSb K^yjyi j'j^ ("*i = '” 2 ) 

X = X 2 — Xj v>f** ii-dli b ‘i'lj'i Jl*^l ( jr) ^**-* * j ^ AAliS-,1 l< ( A ) 

j^lj^ fk_A Ij . AijaS Ia^ A-iLj n' = ]• n = 0 oJl>- jA tS fjP^} 

. Ae*A j»Uw'l i^y^ji y U^yjy. 

*j-t3 \S3j lA. tt^ L>- j ^Ld ^1 aS A^A (^Y— 1 ) dAli:;**l L( ( uiJI) Y—^ 

j| vAuu I O'jl^ ^^(5^ 05 

^(90||.(n ... r(«)^,(»)... |.W) = lr<‘^ •• • T^*\ 


^L_^U a}^j ja'^) j !«*>^ dS Ae*A jjbj ('-jJI) o—J jl dAli:;-.l L, ( v ) 





r^r 


I a**) = I a*>, P^"’^ I a^> = - I a^> 


If p(«*) 


juj 15^*'^ JXiLf 


4',®(1,2,...,^, /,...,iV) = y.S(l,2,...,/,^,..., A?) 
4'/(l,2,...,^, /. N)= -^,\U2,...,t,g,...,N) 


( ’ ^ii l*X« I ^ aSIjI jl . l»j<>il_j^ 

(^lyxJU- j ■ ^ rfv ' U (Is, 3d) (till) f_^ 

? Xilj^l^tA j JI ^ J L—S 

. v^Mwl ^Ij^ ^ 3 *^ ^ ( "^ ) 

( c:^jl ^Ia,;;!^ cuJU- f ^^1^) » (Is^, 2s^, 2p^) « " «Mi»lj ( till) 

• '\f^ U 

jl . ^^Liftlj) . tS^j^ U ^S ( V ) 

^ <\|| A ^ 1 t”iw t 

^ ^ JUiwUk^ kJLf 1^ jl A *A IaI w I oJL>> ^ jls I !i*^ ^l|il*» A lil'W ^ 

• vr 

( S jl^ ^ «-L^ € ^ji^ljT,^ ^1^ (^) 

. cuwl 

• }^ L jl>iju ^j^j:Sjy, Lf « L -> » ,^^15x1^ ^1 (T} 

• I A^ ^ ^ ^ Af ^ ^ I ^ ALf J I 

^r</?<5lxf^ = 0< is^ ' ^ V ' W j'^ ^ 

• A<x ^ Xj I ,i j \jt t jSy X (a L^ 1^ = 00 

AiirfS;lj< viJUi J Afl^ oJl>i tS^WJX^i 4-*<t *XJ <J^X ( '-^0 

a < ^(| a ^ ^A^ da Lifll!a»t» jX 

jlO'^j— aI^ (J^I jX ^^JJ5iJI ^x a 5 x,fjS^^^ ( V ) 

a a\|f *a^ IXIj |i " aia^fxw A'i^ i ffT aldaJl^ ^^^^^1 ^ A^ ^ tljl^ Lf 

0^3^ 3 Aflirf dJU> 4 v^Li ^A«d£^^^l^l«A.f ^JfX}J^^J^JS^J^ vl^j^ J^J'^ ^ ( c) 

jJjIaXJj^ X , ^ a ^ ^X|^ Ij L—S AaXA f li y A"Atf^ '—^1^ 



rar 




J ^ j •i d i-Xm ^ L>w I JJ'AJ • {^ U»iA Ij J . • \f Mi ^ yiLj Ij l^.. i J L^ I fSjJ^ ^ J 

(o^ 

^ j \«xs ^i ^ iiiiJiilj 1 ^ j^ 4 ^%iiigjlit ^^T Y'"^ 

jjlj -wJ 


f/'i = iV, exp -/Mj^ri^; = A '^2 sin mjrj; \j /3 = NiCxp ~ niir^ 

. o>«,l jij laU^ OL^b Ni y e-Iji (•Jjj- nti «s 

f ~ ... g. .. » JSoJU^^b« ( mi^nt2^m2 g IL ^ ^bJlJI^ 

■ *^Ll**^ 'j 

^gL.^ J i.lli>- * ( ^1 ~ ^2 ~ ^3 45”**^) ^ oljj ^ 1^ J 

. ^jl—^ Ij y ^ OJ^ 

/4 Y—1('-^*) A—*1 

4^jy o i^ ^ dS «3f^Jb*3 I iM * • ^1*-^ ^ 


f^= k^T — Jn^exp 
dfi « 


- EJ 


kjT 


( -^1 ^a > ^a) “ -^a I-^a > 

a-f £( g «, oL'^^^a =L(''i®i'5^a = ^ (5 ( V ) 

^ ^ O^ 1a^^u ^ i ^ 1 ^ « " 1^^ g J Ijiwi ^ ^ 1 

i3>* 


^ = *.r|;lnin«pr"-i^^' 

{"if i Agi J 


cS^-AiU"^ i5jl> 15"^'^^15' J'^ 

39* *? * if* ** 9C^ tsW ^ ( E ) 


N = ln, 

i 




_ 1 

exp[(e< - fi)lkjiT] ± 1 



■ 0, ] SjLil li^ <Jl*e^lLc 

( 'j 

<^«vl lo gm/cm’^5JIS^ tsijij jk:)\ tS ^z^\ t^ldjb.- ^sisJiy a^b- iJS^ ‘IM 

tS cumI vJs{^^ jljiLal . lAtfiiS « > (^t*>^ 

^ is^ij^y c^jy *jU j*^ • *^1 ts-^^t^ i5^ iy^yy 
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jLLij. 


■■ 1*p4^MW Cm' «^ < AIaJ^^A *& Ij l^iBIM *1^^Jb^ ^_C ld^«i %A * ^ 

4 ■ ' «ll»fc j *i tt » lj < >^1''^J * S aUjI *^^5^ * 

t—I^L.** * •'Sj^ tj*<'* aS ( iS ^-^ * «»«« «» ««■ j'^ • 

AMlf^MkA yv ^ Ol I^ AmImUmO « ^ _C ^ A^ 

Ij '^y^ \ j '> * * ^ i- ^ ^lK* j i l*L > jl ySa olj<3 jy> ^ < 3 I*\ i ' V 

A 04«v^ 

[■<hd ^ JL^ i\ cS|f CImw 

d"»Al*AJ ^ “*T'3 ^'*^ |»L>wl iSj^^ 

f^y^is* ^ ^yir^*-c »3«f->^i>f**< 0LS^i* 

^.">««)^«.»» >-Si{ • * " «*»^ Ar^«.{Ij >^Jl^ iS^ IAii^ Iftj|^>~«4 jl |> l«xSj fl> A^ aS 


jj^ jy* (j****^ ck** j •A A Ju a£ Ij I ^j!*jj 3 ^ A «A l t“n ii I Lf « A I ^ Ji-iA «A^jy» J Ta I 

j U<A IjCwvI L{ L* I ■ <Ajl«A 1 ,$'^ ^ ji ^tT 'A.^ j 1 |^ olj j A^iA v 3 i<^ ^ * « A * * « H , Jlm j IjS 

lA ) «A «J x *j i^JLtfl O'Ij (A IJ k«jTu®l^>« ?I^S^jyi>A A | f * A> OV^i iJk*V5 

aS ^^'lAiaii^ j I (^iA»CjA I> <AA^ (Jp^3 ' ( O'l rfl'i'^ t A i tS A I «A O' l^kipi 

Ou-maS'^^a «A li>^ I Jk^ I lib r iJ^A J Li^ ^ «AhmJ 1a «AA Ammm^ 1^ ' ku " 


C)y~~'y* aS ^Iaj 


.0^1 ji ^ La-^ qIj j A^ j I JTa .a.. I j I? iS^ k-» JM» 


iS'^jy‘*-t *j'^*'<-“ '^jW* # ,^^**«f'»'i * 

j tSfi jA tS ■ \ ->1 M«Jb L ^is Lu« f ^ J A. ' «A l«A 



C£ ^^J ‘“ )® 


fiSf 


■^>“ j U^l .ijjljijjja ^1 < *^^Lca- . cu*«l 03i>< ((3^ lw.J t . 5 ^Lcjl ^5b^ l^_S) 

• ^ ^■ , ^ «^ « ; (J-{ >i-p kijS”! S ^' «, y fl !'>m«< Cw ^ 

^Lf< iS^'^j 3 Lsk“*V ' t54-“5J ' 

■ 

^ j I^^aS Ij I j * ^ ^ ^ Ij A I.^Hium I ' a1^ A f ^ 1^ fcP 

• ^ A ***^M> Q> aS 


^0^11^3 J A KiiiO —^ 


04*^) <S3}^ ( j »«. ‘» -j J iSi jl(j«^..« ijl^( AiLela^^y:^^ 

J J ,jl^|fcAj^ 1,5^^ iS>!J^ *^lji >^jy» i>< ^ J*^ • { iJ^J^ ^XM' 

*“ ■■ ft <iSj^ (S^3 • *^^(J* ^ ( 6 J”^) Ojj’V^J* o^tr^ 

^1^-* * • 4-J O Ijio t rt J ^ 


i2 i2 

_ _ - 

2M 2m 


p7^^jf.(r"'.r>^>) = £.4'.(r'‘’, r“') ( l-lo) 


A r^2) ^ A i rt . * ; ^ m »Ai\f* j** 

• cuw 1 juSLl I 

(Ja^ «!«»« “ > T|i(r^*^ 4^ |fc^jl.i jlkiji ! (A/ ^ m) 

« * " » .im ft 4—^ jy -< a 4^ < ^ )_) o J «J.iL«« . aJ •Xii>L( 4J ) * ><T t>“'<.^^ 

4 S:<I . ^Z*m^^J^yPyJ^ *“ ««■■■» * " «• “ ■» 

( )->) oj^) U (c.m.) 


R = 


M + m 


r = r^2)_rCi) 


(<J-) 


i^yS^y ^^ — yi ^ L< ♦ "* 4 Jj ) * * L^ ^ j | i <Mi > w ^ •XJ ^ Ai/ ^4 *X4*# 4 *1 ^^ 

, tsl>{ <.5^ ^ 'j *^jU* 





r<aY 


• f^ts* 



• 3 R (*>?“ j^j* j^'^j-i ( ^ ® ) 


oVm LvA jLv J I Jul; ^ O j < Ji|; A «A 11*1 III I Ij 




«s 

wAf m I L^ 

''■ aTT^ “ 1 + m/A/ 

J J j^I^Lj I 4^a(R, r) I ^ 

^ ft 1^ * 0 1# I ^ ^ ^ ^ ftX^lj ^ Ldkj JR ft l^'t > J o 

OC ^ toi^ ft^ I ^ ^ I j ^ ^ 

n L^ ^^0 1^1^ ^ 

^ >fj *^j>«^f (T—) o) 


(-1;’"’'-7}«0 = (r) 


(f-w) 





r*iA 


; 

L< 


£« = 4"'^"'^ + £<*"'> 

f l^r" ij^l. ‘.1—<.1 j*:;! ^jj-l>-lk> e\""^ ^ 

Lf (Y*—1 o ) (3^1 >?- A-liiUii . jy^ c5^3><^ * cr^ * o>3>« 

C4*yl I-S^ . CUmiI Jliijl iS^ y C*1*I jljY 4 ^ j iJjLa, 



Jk -R 


e(e.m.) 


2{M + m) 


*6X—«^Us« 2*>*- j'^ • J^J tSjj \jy^ 

'^j> j^j X (f—1 o ) O*^ 0*>^Lf* cr^JJ-^ 

C5J ^ ^ tS ^X * " ' U ^ CS"^^ ^ ‘■'^ if J?” << !~ * * n f J*> y CUmm I OI j vi j 


m-* ^ = 


m 


1 + mjM 


*X J ^ (Hi J ^ J 1 ^" ' I •■ > 


J«i t >- w l ^ LmI ^| » ^ (JjAJ J»i ( ) *J'i l*« l>< ^ 1f»*- ^ 6 J ftJw Lm 

'I'i = ^.in,, == ■Rn,(r)y;„,{0, 4>) 


f(inO ^ p _ 


er ' = £» = 


^e 


2h^n^ 


^.S A-uS 1 ^ iM ^ >—<1 ^i/A^ y>^St LtoJICW^ (IX^ (^UbjiOkS > AXui 1^ 

0*«^ l^ aScImn I IJ k^^ljC I^ijL * > € Ohu; f Ov/LwiA ^ 

4 S I t' ^3 J ' ^ 4l^l|f ^m A is* ■ > ^ kia lk t ViHihii*^ 4 f7). ^L^4^- i 

A OL-A LmuB ^^3 I ii4A L^ cli^Law *iiA |f ^Ou^y^ t to X 10 ^ 4 ^tyK y ^ 

OXJiX O^ *" **■* J'^ *^) 3 OJJ'V* (j4i^«*^ L?V-V^ Cj^>^C5* ‘ 2*^5 J*^ • 

Lcb mjAtv"* ^Wi> 1 A < j t l^niA^I^ < li I jtf aV« J ^ U ’^y"*^3 Ci3^y '^tt y 

^0aMi JL*’ ^ aS* <** <^> ^ A ^4.^ 



.1 


• is^'^ 


Sj>JL. wS^ ^ ;l _T 

^-IsLiijdLy Jl^ a 

■ ^ ' ol^ ijA* ^j>- ^Ij jj . (^U 

j<i Ab/ 3 lj>iJb j I I < '• I IK i ^ JJb jj ‘_-*- - ^ -.'a & 

A»J^niii.a *■ j < "* iM I ■»* \^A ^ it- L^ 

» iSy^ c3»^ 4^ LiCm* ^ L ibl^ 

|b^;^ ^ aS d<> a I^Cmu/ 

I CwW* ^ lAJk^ Lkft CImm^ 4^ A A iAi6 L«Lft ^ A »^i& LhLa 

l>-ff3^W' = [W(l + W/A/)] A^lrf ^-U**'J*r^ /W f^J *i-tL 

^ I AOI ■>'*ii> I L^ 4 ^Jw € C.m Cl /1 ftITiJvu A 4 ^ I'J ^,; yjy ^ ^ ^c.m ^ 

• AJ^Jb A t>^ # tfl iji A^ O ^ ^ A C^**^ J ^ A^ AiS Ij^ '^’'^^j 

Ai^^i^^jl/ LdCk^tA A ISCAfc AjS 1^^- 1^ L£t c -3 ’ Jt 4 LaJ t -X^ »il t4 >tij J ^ 

^C.fii L^ ^ ^lib Ltt^' ^ixAfr 4 CImv^ a l^i?i|j i*^*^ ^ *S &S JCt^oAm^ 

• O y JCul^liC^ b Cl/ 1-^" ^-t A l&Mw *<A j ^'iAA|/^ aS<4^UA 



^ *^0 *—* \ 


V*ciit(^^W — Vit’ii(C.ITl.) 4 Vc.j», dtt; 1^ J I A J IaU^ja I ^ If ^ O J JSci 

» ©c.fil. 3 ©Jat (J>5^ 


{J L^CLAL^ (_5j Lud ^5 O^ J ^ I* aS^j l^ d/I A-ft u J -i ^ 

^ l^aJb I £*!*■< 4^ * 1>A^ ^ * Cliil/ i A-aA I^ 4^ ^ U::m j ji !^.^; 

, Aii ^ (j* SlsiB Lj 




d I ^ ^ J V ^ I M ^ 0 


tf L ^Tah I 1^ I Lj jj *- '? <^ ^ j *"^t! ^J*i 4 Jui d<X<Sl_^ d« IJ J «) I 

j 1-^ ^ ^ ^ Jg l***d L d Jlm d d»La ' i> > i4 


lI i,"^I 


dN — IqO^ ^ dQ^ ^ — ^o^^tab ^^lab 


^^c.m. _ sin d^,^, de^_'„_ 
'“‘’ sin 


^o”^j' 


(fi - ^o) 


\Sj -»30^ j* *^) (*>^ j^->* J*^ ‘ ^>*b i m 

•X'^i ts<>t^ jX*-c ^) 

di> . ( T—1 o ) Jli jJ Itfijj CfiH Aiauflj . 


. n i^,ca.(c.m.)sin 0, ,„. 

tan Oj-b =---;----— 

u,,„(c.m.) cos 0^.^, + K, ,„. 


(f-i") 


A j l**.j^ A^. I jl ^^ \^.''.e. J.^ <Ju«L( jL6Tj«^ i_ijj& • > ~ .AM>i d>^ d<ilj ^L«-» * 0^4*/^^ 


UoCc.m.) = - ro(lab) 

m 


jSjdoLa:i>-dlSi-4j j.i i5j^l 0>r ‘ 


yo(c.m.) = ~ i?o(iat)) = t>,„,(c.ni.) 
m 


(Y-^o) 

dJ^jd^ '^*^15* '^jr 


(A/+ m)V, „ = mi^oOab) \s V,.„. = ^yo(lab) (A—^«») 





dyil j i (^—] o ) (X —\ ®) j( Y —1 ® ) ^ O^ 


tan 0 , 3 b = 


cos 0^.^. + (mJM) 


nijM —► 0 [jp^^ ^ ^ bj^jp »^ wiU I ® A I * iii« J clmw I jy^ ^ 

• ^ LmnSl!^# ^ ti^ 4mf ) A^ ^ ^ 4^ ^ ^ ^ ^.3 

UL [ ^ ^ 777 ^frC'^^ tjFj* 

^ 4 ^ LihSi^ * '^a ^J'**^^^**'* t^L^wiw lx* i jpJ ^1/ ^ ^C .ni * ^ 

^ A I i^H>> ^ 4 C b A^ OUarj^^^ ^IwA^ c |>|* A^LfikbS^ C* m C^ baMii*^# A 4ii> ^ 

^ ^ — b b 4 b AwMM|/ l^ A-^ l^b aSb^ ^ ^ ^ 

bb^. ; bj^A^ i * < nm * ^ A O l^J Aib4 Ai ^^ i " * J’^* (® J^^) *^y^ * » X IjL** ^ 

A b *4irjA,^ A^b ^ V_AjJb j^ljbAJ^!*^ ^ *u ! "” '^■ ^ ■*i t J‘ 


yiargetC^ ^c.m.) fprojttWie^^c.m,^ 






j-i ^J^, ( *T^) ^ ^ bl ^ w< ^ ® ) 

bi* ^ ^■***^ 

fAiwl< ilx^^ 05*^ tS^~'A;>< 5 ‘-j'^ jS^ * Ul . 

«Xitb j^j j^jlii* *V^ 


f t.\ *1 «^lj j aS <^L^I ajI^aa ajI^ t j* 

« jLu5^ \zJSj>- < " « f »«.' ^A® ol.< d >i4 Ali. ^*' ««. 

. L m^ M 


. jISa^/a = im A_::L»b jIaI^ Jk^L aU^Ij ^1 





) o 


rfr 


^c.m. = l/,o,(0c.„,.) I"' = \f{0c.,.)+f{n - 0,„, |2 

/jjl^LS^olj j a ; . r .M. ft olillilxul L c*«lj J^l 

jj \j c5j 5^ jjUi. 

• IjJ'i U- i "\ijiO «JL;> LI 

OjLjj d 5 , ( If—^bj jl «jli:;^l L, , jyi 4 ^U>d "L^iii—* a-a 

jl c—fl 


/(0) = 


r(l + iy) y exp( - iy Jn sin^ 0/2) 

r(l - i'y) k 2 sin^ 0/2 


oL^L»« (5j.iS j I ^ o ) 


_/2Vy / 1 1 2 cos v(ln tan^ 0/2)\ 

" I 4e j Isin^ 0/2 ^ cos^ 0/2 ^ sin^ 0/2 cos" 0/2 j 

(2=2 (Sjjl'i a-a ^j) (^o —lo) 


j I J i " iiii, f * /l J*Li (^—1 Ij 


jj Jjl «JLj>- 3 J . y = Z^e^pLlh{2fiEyi^ tS 

A dJL;^ • > S Jl ,; “Ijj* k^Mioid^ Ml ^IlS^ 


*(ojJ^'— 0 X 3 ^^ If 

lv'^ll^(3’tf I * = 1) ^ Ud—cJL^j'^li!(<S' = 0) amjI^ oJL>>j j <i2— ^jSjuS^j^ 

*—^jU j^l • (f '^j) ■•i-i44(_5d OjI^ '^I« J OjI^ <j^LAi 
jZy» ^»JaA« r dJ^jAf (^S = 1 If 5“ = O) '•iJl>'j* CjttjX^ l< * >Xi L( d«\t^Lj L 


f^*j II (Jf lj*jif»* 3 ol">^ l*f^ 6 j ^jif 


L (y->- oo) h 

.\.i\ \ i1 111 •• 


► 0 


i^s * 




1- Mott 





Tf'T 


^c.^. = i\m +/{7t - 0 ) 1 " + i\f{0) - /(JT - 0)|2 

= !/{0)( ' + 1/(71 - 0)1 " - Re/(0)/(7l - 0) (I 0^1 L oiv-^>r-» 

(11- W) 


t ^ j ^ d<* LtfCi ^41 


l»>ifcU 1^31—t 


J Tj I ^I ^ t-^ ^ L> dS 

L>w,jjxuA:: < Y c5^*VAt!ji^ <54-^jj Uci^l L . Ai^Lj I^.L^ATlA/s) Jli«L, jl«L( 


e" 

£.15 = £. + (E^LSM^Ms I 1^ — _r(i)| \EaLSM^Afs> 

^ '^C.i5Afi.Ws(*‘^*^ ( 1Y — 1 o ) 

jsjj vi<L^t>>* j «i j Clm* I U >< J ^^ J ^ErLt.SMLs 

•^^ts*' ( YA—Y ) j* L( * ^3^1a.(« = n' = 1) 


£;»oo== -108 + j<^r^^VToo(»‘^^^)lA?oQ(f^^^) |y(3) ^ ^( 7) 





<3' t^-a^ 


\ o 


rpf 


. A£-34eV L ^1 J'^'^o'^l5-J 

j I ■ ---n/1 ('f*“^ ® ) >-**«<^ 4>i-i ^g j >i * K< a l< (JjI i^jia 

^aoo ~ — 108 + 34 = —74 eV ( 

Jj' J^yt 

^ion ^ ^100 ” ^*00 = — 54 — ( — 74) = 20 eV 

^ j wM dji «^ »^ L ^^ 24 cV ^ 6Okjb Lm4 ^I L ^ ^ ^ 


A£ 

E. 



^kA | \ |> * ^ i g I 


4 CUmI (^ldix>>^LA aS 

cy*^ o^ 


^(eV) 



ls—( jl^-:J L>- tSjj--^ (f—^ ®) J^ 

, jiiJ j J jIlSJ I ,_j2^ 

>1^"^(^5^'' " «»»' •Ai-i l^-_-_-1^* .' ^ *?* Os3 ^ * ( 'f H”~*t) j ^ “ »*^ Lj 






A£ = i Jc^r< 2>{^;,„(rn))^*^^(r.2)) ^ 'Aroo(r''’¥?oo(r<’')} 
e^ 

^ ]r<2> - r“>| ± ^^'ioo('’^^^)^i'2oo(r^'M 

• '■—“I ^S ^ ‘S iS^j-: Owl^Lc iS 

^^=i/‘'r"’‘'r'^’ ,,, - l\<.,| {l,^,oo(,">)I^I^Wr.;’')M 

't' l^^iooC*’^^^) I^ |^^'2oo(*’'"') f^) ( ^ i. * i >- ‘ ^« 

± i i73r i,,i,| (2 Re ^:„<,(r<'VJ„„(r'^') 

X </'ioo(r‘'^V2oo('-^‘’)} (^jL: Jl/i;l) 

I C J C ^ ^ * S ) ^ ^ O |» ^ *i V **ii< J »I 

L>^S ciJl^^ 1^Lifcu^Lo JI^SjuI * L>a^L^ ^ 

^^S d«Jl>' ^J ^ • AibA^^id ^CL>iJL^ ^ 

J tSf^jA d A l to LmmI 4 L^ ^ 1?AaW d>J 

VaJ L> dSLtjf ^ f a 1 J f ^ I.V**A ^ ^ i*^r ^ LsLm 1 ^ijj" III ft 

l y wM *^ ^_C • Abto ^^^5L> j l S Lilr li, S i^ 4 A^ L I^4 Lw tiTi^Ah [^ 

• A^ ^ ^ A ^ vIlJ l^ A**A A ^ ^ to &A t^4biw duJ l^ 

• A^w 6 A I A 1^ A^Jd ^ ijf** ^ ^dww ^ ^ l^MhJ ISmSi 

^1^ Cl^ Ij A Aj Lw^^y» dJ A A A 

• Al^A^A^ A^^A ^ ^ A ^ III! wihto A dtaif 1 ^A KJ^ • A^A L^^A** ^ L ii > va 

AA^a^^A** lSaA^ ^ 3 *"*'* ^ Jl*Aw IA a^A^ A^f A d-’^A^ 

ft dMM I I L/ ^A^ ^lutf I Li^A^ ^ S = |dJ < A^^ UpSa^ a ^ ^ 

A A ^ ^ a ^ 33^ ^3 I^^aA"^'^ ^ ^ iS^ ti^^ IA l5a^ ^ Lto aas IA 


A A_^ Ls t d<teM I AjU^AA^Ls |B ^ ^ ^ ^ |* j ^* ^ * X 

1^ A ) ^ A^Cw^ ^AA^^ ( dw b (a^^a^**^ tS^Ai) A^^ U ^A* 

* ^ ft l*n ii» 





rf-f 

jj (S = 1) ^S cJU ^0 'i*A* tS^|«Jk>{ tSj>* J 

* j^j* (“S' = 0) ’ S 

15^1 O.M j' U ^jjSfUb^ 

v><l jl j'i • Ji;— Ms ( ^T— 

t5jjjl i^Lu 4p^ ^iJU 4^3 j^Lifc jj.^LU. 
jjli 4 ca-<I J(T) - f^cT) ^ (§(T) L , viM-l 

|£aLSyAfy>= ^ IfaLSAf^^Aij) {^t'—\o) 

^L* Ms 

t/>^>^ L 

J<^>'|£.L5yM^>=y(y+l)ft2|£^L5yA/^> (1L_S| ^J^L + S) 

3 

(4 L5yM^> = ft I £.LSJM^> (1 I < y) 

^JMj^ ^5l^-2jU- ^ j I Ml Ms^ J ^1|^A.( 

*—I—Ili ^gSiXifiXgj^ 4 . V *« * >tj Lc Jk|f« f^j}i^ Ij fj ^f/" ' 

Jb 4>g j l> > V» . OmI JflJ jLk^Lw jj S^ ^ 

y *< 1^3 *^><j* J3^ t5^?<j>'^ 3 * [yM^;^ 3^ o*»Sjl+s 

Lpj— if>£ *-^Ayjjl JJUAl^ ^ lAjl_^ J*^ * *^^^3 B ^*S^* '“^ 

(^y-Y 0--3 

j j jLi^lnw (^gl A A 1» » « ijt«>p I ^ ji? B ^3^ 

Ip* AL{ L> • iVi’iiMft j Ml Ms ^ JS^A^ jA^ b-fjjb ^5 J jLj^,i Abl*Aj^ A Jk^ >3 U I L i * 

. ,jSm< Mj ^Mi A^ (TA—f") ‘-^U— o*“^ k3^ * 

i S m ^ 4 \Eg^LSJMjy 4g4.iJU-ji \EgLSMiMsy (54^^ 

\jjM4t 3p / J li« . ^ if Ailil jif^l *■ v ^ jUja^ ^ y jIaa*^ 01^4 

\E,\,\,2,Mjy ^U^^^’PjaS^^UjJ CU-I \E,\,\,MiMs> ^rJU 

^ M l . ' * L—S A*i» ^gt ^ < . " l v j^ «Xpl^ 

L 4 AL — 0, i 13 A*S = 0 * •L»T*i*4,j4 ^o3j*<^* "« » * * 45<X6lgPA< 

\jm—^j Om«I <>7JL> u^3**^v ^S = 0 A JljC li . c:m«I ^ j . i Ait J ~ 0 ~* J = 0 U1 Ay = 0, +1 



rpy 




d—:l^a wA^ d :Kd—» 1^ (5 — 0 —»5 = 0) dL^l^d^ d ;l^ dS Jl;5^ 

•• I*"i,lw^3^ 1* ^ *^ ^ X^~ ^ ^ iS = ]) 

t i df^l^ C1<JL>*A^ ^ td fc ^ L c S < 

^ j 11 \ L I Jb*H ^ j I l^ oJ L^* < ^ dL? i^Atw Cl-J I Ll^ • J ^ 

d^ ^ j>i (jgIdj J j^ j «d |t ” <a |jn «i *>^i/ I^JLCdi^ >Xi<l n ^ »-l ft> (^l<^ d ** rl jl *T^^ j ^ ** ^ • '>i*M<l 

^ y* J ^ < « KM ft dhj ^ I ^iJJL J L>» y I^AmV ^ 1 ^ aJ L^ ^ «d d^ | I ^ i>i f ^ 

LSj -jl .A^ j' >4) ijlf* j' . AiA 

* > ‘‘ mi» I 


^>A* * (A:d^ aS j ^L#5 

A - /i j* C^l.gi g . > »^. " A^Ji^ I If . . V J jIa,/! ^ JkJwl* jTa^l j^lifcj I^ jJ (^1dlai»>]^ 

d^A^ J><^ A^ 5**^' ^ ^ 

♦ *A^>—Sm iSj^ ‘ (5*^j j*^ • j '' ‘i'i Ij * “ «tf *^ j 

0fbjA^J \j (j. l,. . A> - f^JJ^ a5 JjI^ '^9^) djli>i-y 

• '^A jA vifcSV Jifj tlK^ • 


tA'‘*Ji<Aj-> A?— ^>i-i* —f 

w 

l>j- J ats W3>'* *•-“#*“L>Nd (1 ^To * (j“*Af*) tAjj^ ^ o^Ji-» 

jSkidf A{ o^AA^j*^ ^ w-LU*• (juwI djii d;i*Aj^*< 

4-.„.,(o,.r<'>.r'^')^^,exp(- °'*'’'‘ ^ 'j ) (a =^) (lf-'«) 


qT, jdS Jli:U oJj*^ j* vjAtf^AjT ^b ^1 . 

j\ OM»lc:-jLfx( . cu-il a 


/(or) = J</t"'</rl 2 ' 4 ',*,.,(r:, r'", r»>)|- 


^2y(l)2 ft2y(2)2 


2 m 

2c^ ) ,,, ,,, 

^( 2 )^ ||.( 2 ) _ jid) j r ,r ; 


2 m 



2- Hilleraas 





<T,> + <T,y + <[/,> + <(/,> + < k , 2 > 


</■!> = <n> = 






-13.6eV 


^ l^l^l jl 


<^i2> = -ia£, 


j* cs>#^i3-^ L 


/(«)= -f,[2a^-8a + |«]= _£j2a^-V«] 


(Sf*l 


-£i(4ao — ■^) — 0 Irf ®o ~ "fY 


£var = /(ao) = -«il2(f^)' - ^ ”] = 2(fi)2£^ ~ -76.6 eV 




( -10 ) 


^ CUwIjIl^ (-^pert — ~74 eV) 

WImwI A«^Um AJUbLiM4 

^exp^-78.6 eV 

*-^ • ' V ^^ f '^ytin 0 J.y* 0f^ 

^ui.i = u) 





Tf'<\ 


yn)j^f.O) |rn)__r(2)| 

a a ’ a 

jl«xju jl 0.0016 eV‘ euJU- iS^j-i c:<-< ja./ <Sjy'^ 

*" < (^ JAi (^lUi,>- j! L . jy U (^jaLIs 1.5^_ CUwl 

''■*f“*'' ^>f-^ j_5Jja1*«Ia jJ y^j 

• I ^xtj ^ La^Iaw j^ I^LbA j I OjUc ^ • ^ySf d 

<aJU- * J »f«ti» Aolai; • J bu j tS AXS^ 

li 

. ^1 u^bS *1.^3 




• Mr ^ I ‘* » lS|fJ«) t IAmv^ H " — i; li t k,^ ^ ^ 

^1 ^5L(-AJUi jl «jli:Uil L{ Ij ij^ ^ ‘■ i ^ <'^cj* 

(jgLjfc * ■ l* » ft U «ii f 1^ o]i » i , i ‘» <« <i" < lj|j»l tS ^^JL^LtA 1*1 • L«gI «^1 tio 

Am L/ I \| i > « AaI^^^a^ *\fgl^AAlkSjjj J t V A * *!* l^LgI 
^ ^x ' i3* ^ *‘* ‘ J*^ iSj^^ ^ A^A 

A Am j ^ Jrf ^ A ^k? **'A^ A 'VmA ^ji V J^S' I A|fg J I |_|^ I ^^lijMikt b^ 

j^\ (3^1 S kjtf***^ ^ 13^'^ i^^AmIa • AJS tsSjA- (AmoI 

1 ^— »ji-i^jp 3 jj» 1»35 JaM^:^ 3 Uv>f(5^'^ i>#^ • *^>{ Attl^ Atf . M a;S tj li i if g " Ij 

. A^ aSIjI JilM-jjlaA- ( HTA) 

OJ ^ ^ J ^ ‘'^ A T M. ft a5 AAS^j^ <3*3* O' ^ «J ***• 

AlJ 1^^ yO ^j^^iSJ I ^^1 A^ ^_C IaJj^A^ < Ai^Ai^ a V ~ *mI a Am aJ? 1^ I 

(jAf b A^ IAmwI AAaii {jPj^ • Aj^iLgAtaj • A^^ ^ j A f ' j^ '“^ 


Atf-i^ aa^I^ iMb^A.^ I ft ^1 l5^>< * 

H.A. Bethe and E,E.Saipeter^ " Quantum Mechanics of— 
one and Two Electron Atomes", PP,118-165, Springer -Verlag^ 
Berlin, 1957. 



d ^ ^ ^ IfII J 0 


rv< 


C jA I j a - j t *" ^ ^ s5 Owyl a"w.J» b aXoU jI 

——I p{r) ^ {S'SJ^^ j 1^ '-Sif L»- «5 'j 

jl cu«,l <ojLfi ^1 JjkI j ju ^• oijlT 




(If- lo) 


ts->aic j-> J^b^ 0(r) ^JTaS 

jl ajlis-,1 L,. •Xyiiyt »^b4ep(r) =pp^l2m * ^^Ji '^JXt a.; ^ ^ . ’ 

Ci^lj (S<aI>>* < (YI—^) ‘ fif i iS*^9* LT*^ 


fimaxCO =‘p = £p- e(f)(r) = — [371 - e0(r) ( 1Y - W) 

«xi J-oU JjUs j o.«I j 1?1,5.0^ ^JLft« cu«jj *^rtA« vy*^>* 

'•’^"'7 ( ^3 0(^^ J ^^ • > * I V ^ if ^1^• I b fc j* VI* b 

Oy^’ aiai; jjTjj n a5 j«i L, ^1^ 

^ly»> ; [ 1Y—^ J A»u J^ W- J*^ ‘Vl^ (>-rf^ xb-r « v:i*«<l c*fb p 


m = ^ [Sn 


(U- lo) 


j «_J.lU* ^^1 '-^jp jl • »Je—'b^ j KS*^y* (5^^^ Cx^ aJ-iU* ^>(1 

0 <« * IJ ^k|jjbl_^^ t ^^(j> = 471^/7 ‘ aJjbu 


v 72 j. ^ { 2 ^neilrne^'^ ^ 


3/2 


(n- !•) 


laLit ^ A ^ ft J I L* tft^ I ^ I * 1 ^ 1^ aS tw I J tf A r ^ 0 ^^3 


J^ jA &S ^IaJ^U jA j^Li X 

v,S^ Aj ^ *— A {ti n Li ^ A |kft L>ja 6 I f l^wt" ^ A^ ^ 1^ 4 CImh I 

*'—'* t5—•> —J^ Oif Llf < A^ti* ft J A ^ ^^*■l^ AiJrf> Ij ^ A ^ 

a Ohaw I aIaIaxI 



4 


rv) 


iS ^ iS^jt SiT ^3^ (Sj ^ ^ (J 


lim £-> ^ 
r-o r^ 


(vJjl Yo_ )o) 


jj lim^_,Q0(r) Zejr jJS.iaLj ’■^•^3^ a “n i <>> a^ 

• lirrir^o <P iS^j 

■l>yL>. \jr ( 4Xt AjI j ij,^*fc:h^ aS ^liaiil < (<j2^) 

jl c:^! t^jLfbC J^ jU 3uS 

(vTo-^o) 


lim r<!i -♦ 0 


r-*aO 


Jii'^ xjL< j ^ ~ «a« L(;^I 1*1*:: ^ Jjt««* L A^A^t 


1 h^ X X 

— r I I —2 -7i /» ~ 0.885 fl ■.. 

2\4 / jwe^ Z^^^ 


(Yl- 1o) 


— ^Ly:( ^^^.Xi) jigkx* X oT^*^ 

*jZ \S*J* 


<t> = 


Zex 


(YY- W) 


All ^ _ 3 / 


(ix 


2 - X 


(YT- lo) 


L, 


lim X 1 


x-*0 


Jim x~*^ 


(YT—1 o ) aJjUi 

* w X • *■ * ■**“ ^ ( A — 1 * ) j >3 A Xt A J 113 ^ LmJ V » Oj \5^ 

VZ-. JA^ ( u-u) ^ (Y Y -1 o) 311 ^ p{r) J <\>{r) 

. jrfifis ts*^* 3 * Z Aii—f 

3 ^ oL*^Ual ^ C wl t* 3 ^ ts ^^ “ c>“ ^3^ tJ ^ *^3^3 ^ 

lS^JJ-( tjp^ *^3“<J* 3?^ jl^y* ^ A^« JA>3^ JA^ ^j*5ljb^L» 



j JL* c5 ^ f o 


rvr 


*—-'.i-** J^ ( tsliii Ju>-I^ jj) t5*«^ ,^1*^ 'j ^/ • 


'^^(s* *-?v^ ‘ Z Jil--* . jyiL ^^^J:SJ ^2 jl / j-5 J-Li «5 

( ) V'~) o) «jU:;«. I L< « ^lioLf 1^ r ^ ts'*^ J^l-i J.-.5 aS 


0.885a 

X 



tSjj^ j fk t»a^ . xM (j<>* — 6^ ® ) 

>* ^4) iS , t “ ««ii« | i * ^ li I jj<u> < Jf bn* (_ 51 _^ 

. liu-l )((0) = 1 |»J>J c5^ 


L^^\(\o% '"^) 
Kk^jj-i j*^ 


^ 1 - \f i» O^ J * 1« »> Ij j I oj1 j |i J ^ aj 1 •X!I 

^Jij ^jl J j\ji 

ijr^ 3 C-IM.I ^ upUi-^ 

, jaUs 


• >Xiyli^gA^ ji •— J ^ J Li^Lil y < ~nf I^ 

• y iSj^j^ ' ^* M«jP » “ >■« ^ > Z 1 j I is^jj^ '“^ 

y »V .■‘<iMiO> b* J ^ I j I l<« tSj^ ^ ^ ^ 

. AiA iS^^9* iS*-^ 



rvr 


i O ^4-» tS‘iJ 


>iiUI« s^jjLi J jKjL ^IJijj ^f. 


LJ-'JJ-f 15—'ii}- (fcli-tf- ^ («^l 

*t#A^ J (*=r^ «Atf*iL; Ij lih^jij5|^^ j'i 

>i—rf*- . ii««l J^l; , L.I . JL^tfl Ij 

4_iiL 4j^ di;L^JjJa^ tSj'*^ jl ‘S' jT» 0 k^l ^^1 aSc^I 

• 43-ilj Lf jj 5 ^ ;>:i*Li 

jl a::«^ aS c:^l ^^1 t 5 j^*i* JjjTe-«jA^ ^ 5 !^ alj tS,, 

. cu-l 4xi J^ J- 0 U.Ja-. 5 i* 5 ^ 5 * J,f—;tY <JSi( aJUw^a^ ^jSk^b-w^jiSJI 

7 .1.5^ t5l if —'aJi(— jA-15—lo- r j.A (jl^. m < JjLuj^ioa^ 
-' J-u*—^ oJ^^J^ajLil L ^1 iS^ji (j.'y^-U'U 


Ze^ 


^ = 1 E - — - ^ + Ki?/(r(’>) 


q~ I 


2m 


i\ z z 

+ 1 SE 


'y ^ L^ It*' 
^ <f t*q |r 


ffl) _ r<0 


- S ^'^^i(f'*’) 


(Tf- t.) 


jPya Jif rt M- ti^ 5 ‘ ~ -■ 0 * ( 5 ^Sif- ti-< 5 j-SLH J^m>.» li^ 4 J^l^ aS JjI 

<Sjj^^ • fy^ ‘ AiJj? jJaij J A.S L(^_5* fj A £iy^ 

y *. ***^ (5—**^ j ^ 5 »iii»» 5J 5f Ow.^ J.^U- (.j^ju ^ ^^~ iii / A fl< 

^^C S^ *** * ** * tJ y ***** * A^ 

jjj ^ *~***^ iSj^y* U J|^<i-.<l-^ • ‘- i J I < j 5 ^hj * • >.s >—>1 

.A 5 ^ ^ 5 ^ *Mfc^iiAA A I* ^ \^jytO ^ ^ ^ *, 1 .^ 5 .^ !—-S' 

• JUel i5S.VA<>^ 

j S , i, > aJJ Im ( liM-1 ^jfA mi t* ^5U^ S iUff J*"®U AU i^yy 

^5*-« > . <J^ I^JjIji* AJ^5 C1 /^jIb 4 jl ^glAJjiAi 'y ^AA^ 5 O— .1 S^k n^S t ” ^ 5 • m ^ .V » ^ 

JSitA^ 



A V' » ^ ^ (a^ j ^ ) 0 


i5lj,j . IajI.^ ^i y ^i- 

• ^"‘ ■"^ ^ I. iS^ I ^ cu*»I |k Lo^a^ Jj?***-' ^ ^ 

aScmI JIfl A^l|fcjl .i^U^^jjOi^ ^i^jJl>-j \Ja^. (H^ Ojlii 

j M A^ ^ iS^-irtijji^ ‘ *^v" 45l^-SJU- jj ( ^jLcC 

(S^irsjy^ jf <='jit^ /»^f (JS ] 6^^ 


.*-xi 


aJa^I^ aJ^^a^ aa^ aaIa ^ji^ljTtS^j jA j^l jL< 


ep{T) = e ^ \>l/i]- 


(Yf-^e) 


JUil (Syj ^ j» (^IAjA^I AjA JlaA^I ^5l^< fc <J L 3> ^ A i 

» C^4Mil A Arilv |k L^u/f A^Xmw 

{^ “ ^' 1 {S^y< J^y a 5A«,j^j»^Ja;A^ 

i IAm < ^ A ^ ' • A^A ^ ^ » , i l i " A Am J Ikw I ^ 5 jIa* ImijaU a J ^ i m jA^ y 

(Tf'—1 *) *-{>'*-< V^ffir) y ^e'flr(>') *f ( YA—)®)'^^ •A/ 

A iI ^^Ski ^ 1 a ft f j^ Od ^ * Am ^if fc iS ^ j 1 A* ^^ i y^ **** ^ ^ ^ 

jLSam^ AAA aaIa ^J^lJTcSi; ^eff C w«^" cS^>< *^(SCF)jl^jl<*<*i>^ U*3J <S^J3 

• Akitf^L^ jylat^ Ij A|^ 1^ ClJl^ 1^0^^J*!" iy>ti « Ajt A jlji ♦ <—Jj 

~ (jf^X Ji A *** ' «l^« J1^ i^ 1.5^* •< ) frt^jiS* Ch f ^ ^ *i( 1;^ *aJ ij^iwt ? '^( ’-^^) 

iS Ij £( (jIajIaJu ij^y ^ (pi 3 '-^ ( Y6-“^ ® ) *-l'il** ( V ) 

• (*'^t5* ‘ AAAA^ja u^Ia-^ Ij AA^ tSjX^ 4 Z 

v) j*' 2 jl aaUamI Lf \j i^jj;S^\ ( Y^—^ ®) ?r ) 


j A I* I < Aj IA A^^^ JS <,5jx ^ ** ^ Od ^ lS tX^ l. i*~ M« I < “ ^lSXJ ^ AAJ U JK 

» A |f h*^ Jkji ^ l^x y^y tMtS'A-f J Lm ^ Ij i L c A^ r A l^>w ^IjJ * ■ ■ *h .^ A yy^^ l?'"^ ^ 

H.A. Bethe and R.W.Jackiw, " Intermediate Quantum 
Mechanics," 2nd ed.,, P.63. Benjamin, New York, 1968. 



^ jIa j j (^jC^ •—j ^ (j'jj 


{ Cr~^!^ oy^ ^] f^iS* ^3 J^y 3 y.^ IS^^ O*^ i “i ) 

• f^iS* *<—La-.* U Kfri^) 3 

> (^‘^(^(‘'^'cf-^*.?^'; ^ ^3J t5jS>K,ff(r)^ ( Jb ) 

• ^J3^iS* U ^^efr(^) 

Ij (^) b ( v) J* 3 (HfijS’t5* jl< ( ( 3 ) 

. Ail; j-i ^^e(T L: f I AjjJ ,J-«L*. jy*- 

*»f-*^* u >^* * “ '*< J.y^ ciJU- (1)*V“J tS*x (*3^ jIajC 

4—U-j* tS^*>* J3^^ a .i*T cuw JaL< j^yt • -ijl-i ( iJjl) «S>-j» jA 

. AjIa ( a) 

^.J jL< Is L Lt^ iS l^- --*j^- I fcViii^l 


J |r -r'l 


(rv-)«) 


c <-l^ » 'A .*jS ^ *\< L; (V Y"~ l®)j*^tSAL»T ^ ^l** !** ( » a* ji I ^L* H jSj 1* < ^J,*Jl>w; I j a 

, A^_m Iw ^ijJ Ij aL^ aL; aI A «" Ij t^A^A^* *i#A^ ' 15"*^A5 IJ*5J Lf 

I* I J ill > ^ ^A Afi ^5^A^* ^ ^ AIfta &.C ^*^ 4 A- y^Jit ^^3^ U^^A ^ L t » > tA 

* A^ I A ^ ^ ^ ^A ^^3^ L^ A lji4 I • <>'*-*■» ^ 

t Atf0 AiiA A y ^Lm* I * • A jS a A Lv 1^4^ — j_j» L*y^ 




(TA- U) 




p= I 1 ‘Ail 


occupied 

orbltalc 


A ^ A*^^ i-Aa** (*3*^ * !*' ? • ‘ *-*— I t^A^A^* tjd***-- * ll>^ L»L«I a L*i ? ' A*^ 


f AA^f^4aBfM L^4 o*-*3^ t53A03A^ ^A^^ ijA>> L(YY—W )(j^3^j ^A^"'<.?A^AL**ifA^ A*^ * 

I OrfMf I d d«^ ^ ^ (Y ^ ®} 4^ ^ 



o 






r v; 


> 0<u.»l L5~^'^ ^ 

■^A ^ ^ ^^Sf- ^ [iJ.A g - I A V ai^fe ^ ^ ^3 ^ 1 fl l .l ^ Lj ^ k^ I k- **' 

*yiJ*‘ ' ^«.!—«I ~Ct"^ J ^ Om«I ■i^yijA ^ Y ) ® ) J'^i.s^)^ J IjSjjjl 

i M «Is^ f Jk^Laa , .X^l^ ^ j .,‘ ^ ,t>- Ij a ^ M». B> |_^ ^ i»i > llj^ ^ J*^ >1^ iSkijkij^ 

^XiAla L^ aS ^ ” *iw ^ I 'ik3 L^ tM rLk^ l%w Imv^ U- 4^^ 1.^ jl JS 


i^j,^ * i S JI<JSi^ aS |i^jli^ jLXlajI ^j< 3 cu»fl ciahimji^Ij jK._. . Ux kia ji ii>j^y£t»k^ 

♦■^rf-‘ 1 1 *-< — e^jr U 

l#^) ^Jl^ki C.S^ ■ P ^ ^ -^- "■ * ^ ^ 1^ ^ fl- L olj ^ I 

. (f—\ o JS-i) kikijS* j-^I. (- e^lr 

iSij '-wL* r kijlkij O.^^ !il>^ HFS J^f-*-^^r Cj^?" 

’^S^ ‘ 


V„«w=-^f v„„(r)rfn (n-i«) 

47T -'4Jt 

^jb)d_l.&^ jki "ilL jki *5 Ak^b t53^j* ^SJ^^^^jp* 

. *::«.l dki^JjJ 

4j^|^oJl>-(^4~lrf-^b^. A;la.A^^;^LTlJJlSJLki^HFS obk-Uvi UjSj^U 

*^i;l# J-: AkijjT^^jl,\>. jki j AkU a^Us* (jijb;^ <5^-*-* 

jjl—k^ '^jy» j'^ iiljl ijpjy^^ HFS 

, j V.- *.: jbT jjjlki^SO keVki^o.^- J.5 v><* oyr • 

Aliiik^lj^ ^^L^-ilU- J.,f.«<jh^A.( 4,{k^ 4|/4 vsJU- ji^ *S^ (jfOji ^>*k*« 

. CUwl AkJbi AllavSbl^ OJlP^^ «-Sy-kia l^T j j iJ ^l^pXll>- < ‘ {jp^^ 

:ill iJ^-bii 4^ •'^jj^ Z U ^ (>f* 

ts'j'-^HFS (kSj'^ ^lak^^j^ls . kijj-i 

•A«/m,«, = 0) |m,> 


> **?■ '•^ b ^A< JK 

F.Herman and S. skillman, ” Atomic structure 
Calculations, Prentice-Hall. Englewood Cliffs, New Jersey, 
1963, 



rvv 


j jiSji — 


'crij 





j^j—» ^ J,{^b^ iSj^^ ‘-^ ( 9'—] e) J^ 

dL^ aOriW I A * " M M a JlM I* HFS ll^ j I A Ouw 1^ * ^ 

f A* M nft ^^xC ^ J r “► CO ^ J A «1^ aJ L^ J 

A N ^n i I HFS J |f * » ^ by O'^^ Ja^ ^ *>< aA < * " m* I AL^Wi ft J Lf b C 

» lAA I Ml. t 


vr iwJA^LSy I ^LwIuirlA^ JbULt I^ALj A^iifiw *i^ 

^J:^ JI I Al^^ fi*^^ i|^H FS ^ Lb^l«Xi A 1.^^ L>‘ 



j j f J J Lm • lUljJyiaJU I * tSjJ^^ 

\.^\S^^ •■:iLK(Yf-lo) 

1 ^ 1 " I t^ '" ^ *"***1^' Ajll**« Ia 3 bOul 

iS^'^Ji * OlJJibbi ^1 *y-f-t J»l>J Ji^Uv J.I * ^ »wrl HFS 

u ^ b# • ^_gt^i 7 i J L^ L^ cy^ ^^r taM a Ia^^aa 

^lib^t^A jjaIm* • Oh^Lf ci*M(^lulS HFS ^ ly 




(jU )o 




HFS 'r*^j^ j*^ —Y 




jp = jf 0 + A 




•^» = X (- 4: ^"'’' - + ^'hfs('-<«) 


(To- to) 


j j5^L»I—. l5^_ iSj?j^ jl cu*«l ojLfX 


iZZ I (,) (1). Z ^hfsC'"^’^) 

fl /?tfl I* —I I ,=1 


(n-io) 


■ ( C5 ^^* ^ * * 4.t».>- tiu-l OjL(.fi 

I {j ' « % » » HFS i5l*jl>x» ^^Lvl j I 4 L J T*^l I L»- 

*^L>,^1 J«^* 1ajI»X» jUoli 4*ll«i n—l 4J1^Lmi ^Hlmim, 

ii ^ > ^ 1^ >4 < 0 t J Tft o4|/1 t^o*o I4^ *4JiS 


|£,LS> = Z! Z ... I««' •••//'••• m, m/ ••• m, m/ ■ • •> 


Iflf flt| fffjlfl^^* 
IBj' »lj' 


(TY- 1o) 


!* + *'+ '“Imln < i- <(/+/' + ••') 


S + S'+'--U.n<‘5<(j + j'+---) 




{rr- w) 


A^l. «4 < »1^^^4jl^^j J*> 4^ 4 r « n «i^ ^4 * »»'» j-U Ij 4t « t ( 3K 

. .4Jow Lf Afj j y 



H F S j J ^ 


rv^ 


1 d/j L^ /I I fjf!^ lSj^ ^ ^‘ijv Lv 


-^HFS — ^nl + ^B'/' + ■ 


{rf- io) 


cS ^ A M, t^ • I ^ >ii4 < ^ A < \ iii J Iaw I HFS ^ lib j ^ 4^/ J W ^ 

1^. kXijI ^ U <Sfi j<i .f] jux L(^ 

* tf j'^ Y (T ^ +0• 'ijji'i j^j* ^ ^ 

1.5^ a,;I^ vzJl^ j J, J W^ *i;^ J'^ J *«i^^J 

(jS^**b*<A^ C-BwIjJjSfc* / 4 ^ £„l ^jSZm^ ’^jj'i j_J'*l^'Jk>‘A-; 15!* / 3 /I iS^^' | \ Vimffi JL^I iSjJ-^^ 

4_^^ 4^ d « MM. i iSj^Cj^^ ^*Kr j*^ ‘ J ^ o’-r*^ 1^ ^ tl)"^ 

• *^>“^5* Ji o^ i s>jlj j^Js 3d 


bOkMT^ljbkwl I ^-C I bm * ^ 1^«4^ L/ 


«*-= I KUry (ra-t.) 

rt/ 

occupied 

J—S^ jj '®Ar(ls^, 2s^, 2p®, 3s^, 3p®) *tj4 O tfi?*" 

I^Ub&J^li jJ 0.1 AJ^yP I d«H(l 40 Lw ( V'*"! ® ) 

. .V i4> o^*" J aS d «Mil ^jSl fcA It 

jl i.^|< J> h ^jtsj ^ ^ 4>i*» 15^ L ^1 <S^ dJl^ 

• C1 m*.I Ji; j^^Kol € jjaiJ O^*^ * ^ j ili tf iollAO 

a;l4.A^ ^“ < -^ »jj^jiAju J^** Oj^^ (^” 1 ) l5j^L i*« 

» ^ - . i. ' 4^1^ C<Jl.>- . I5*id^ ' ■■• — »> ff}^ = ^ 

. d—l (i = 0 , iS = 0 , J = 0 ) *SodJL>> •i>>’ o.^ 

^ t AjllSirf jJ 4^^ Jfij I-S^J 4^^1 4«XaLi1« L^ b Ij '*‘?V^ ' 

JL-ixl 4 A Jtlj '-^ j^L^j_^;iSJIAi^ Jai» cSj^*^>< (J*^ d»*i<l J*^ • 

• o.'*#*^ cJl>- b 

i^aL^J djUJI^y p* 4^^>iij O.^"^ 

t^l (* “ l « Jl—li ixA^ < t ^ a j ^ , 4 •• *» ,. . ^ jI^ t5^>f 

3 ^®Ar (Is^ ' 2s^ » 2p® » 3s^ » 3p®) ‘ ‘°Ne ’ (Is^ > 2s^ * 2p*), 

jlTd-A^^Kr (Is^ . 2s^ > 2p® . 3s^ . 3p® . 45^ ’ 3d'° . 4p'^) 


» T d J ^ S tS^AA^^ J^J j^L^4^L> a- JK 




Ol^j ^ tS ^ ^ ^ ^ (Y— 1 ® 


^jl. a;jI J j-'<^ (5l*jl^ OJJ^* ^ t5^^t*^' 

^-•y . 1^1 ^1 . ai:5 ^ 03-^' ^ jJ ^ 

JiUJjl. "■>I0--5p"), J "'Br(--4p5)/^Cl(--3p*), "F{'--2p’), 

. Ij «il^; 3 JL«it5^>L*j-^ 

a;jI j J.U; jk; jl . ^sU;B;lj:ii« OJJ^' -4 •S'cs»4-5' 

jlH ■•>* j' j j^^ciSji, ^,^Uf•^ ^ViiSI, jJ lj>^j^ OJJ=SJI ex' 

^’Rb(•4p^5s').‘’>K(•••3p^4s'), ‘^Na(---2p®, 3s’) J-bcj^U* 


I Js" ^ ^ 'He pi * 





rA) 


j jl ts^y* ^^Cs( - -5p®, 6s') 3 

j5y:;ljj C)y^' J*V*<,5 ^=*.^"^K L|-;T^i_.L 

'~^j^ 03J^^^ y^^y-jA-! y Xi-xi^ ^^yjljajlSi:; < jcjj'^ ^ l-^l.\ 

( y=j‘5 = ^ ‘L = O') aj K'j •^iSji^j AgA % ig 1^ dJ U-. s 

^ i>f' 03J^^ 3 ts^y* Oim ts—^^ . e-«l 

i^y* i 53>* '-y ‘ J'i * jiji a ‘i*>C 

■ <r <*M|| * 

jid-^y^y <j^y* ^ j'^ tsy 'Vi* try’^5-ij^ j^*^' 


c«( = 


i« - ^(i)]^ 


(£, = -] 3.6 eV) 


(rf- )o) 


c5^> ^ *-f j»>*“>• ^(0 j I j* > w»*y“j*<^>< (.^yi^j^^ 

*'^Awy'-Af'* t5»i y**< c9i< y* *'^3^ (><'■ '^»“cp*u **^^ 

y (jos ii^ ‘ (?i ^ 3) i^y * '^Wv ^ (*3^) 

^ji^ljilL U^ljl^^l. ju(3) 2s 0 3 A^(2) =0.01 *^^i^) = 0.86 f ^(0) = 1.35 

ij»-^ Is j^Ja A»{ y.^j^ "5 t. l ^ ‘ If I < ^ . f ^ 1ft j I >^ J Ift I iS Itf 1^ ^ 

j^yMijt^ L( J jLm jji tu* .^ ij if .— * 1^ uS|; ^ «>•* ^yx3 tjis 

I 1 >^tX£id~( jiti* 4 ^ jtS« tpy • * ^ (J* »-y*^ t.5^3jV* 

• *i " <»iii y Ln^ ijj X 1 ^ .^^* ^ m^MJbdk^ j 1*X> « *i\ iiif c^<P* rt'wii ft j *iM^< I ^ 4 . \ *t iyj40 1^ 

jy iS jy l3^^*^ uy^P* (.sy iw{/) ^tf-ili* j (f^—)»)3^ *jLii—l Lf 

. c.Mul 3d jy 3^ >Sj^^ <.sU^*^ 4s 

{iSjf-') C)3j^^ * y*3*-? ji*^i jy ^ t5^y* ^ cy^ (^ysji>- 

aJoIm.^JIwwI S^ < J . «J l^* c5Lf » J 1^ 1J * ) C Xrf 4 Ns (3s') I <3y£i^jia 

• £30 2i — 5.13 eV jl c.*»l o_^ye '‘ W *./^ OAiP^^ ^ O (t*^"“) *) 

£31 ^ —2.96 eV ^I.i5^ tS j ^yjL> A.:y^ 3p' o^ljX 

4 J'^ J tbj^ L» o l.>iifb>walf i,S^3 ‘ ^* ^ * '^jF^ iV ■*Miift 

4-^1^ ciJL^a^ ^p^ j ^p^ ^^yixJi#- ji (_jiftj Ij5 < (jsi^ , (.14J js Afti^^.^ 


. jjlu *He(]s*) j^uV# C) 3 Jf^^^ yj '•^^1 {^ly*''^ V' *Li(ls*,2s*) * 





rxr 


jj(/t2 = 5889.9 A) 3 


(A, = 5895.9 A ) 


“P 


• ^ A"" 1 J I vXw (j liNW ^ (.JlJ? 


f (eV) 



03J -a ' :a v^‘ {A—) o ) JSJt 

( J * Ij •ijj dS I^Jkw V"<„l 


J^li ^L jl -f ^ ’ '—'-I-*U cS^^-* ~ ^ 

lSj>' <5^(j ^~ * ‘S. * ^ -'‘ (5-^ iSj^ iS^J^. 

IjLmm I Lf p OLpWdMMpA J Llm I ^^AJU l^ppppJ ^ iiV 1 ft O |b ^ C i tft J ^ 

p P \ P PiMI ft A I^Apft dJiMpI dUA^PPbPHft L^ ^ ^(fcjl4| ^ C * I l^ftpP 


3JJ'^^S* «^jA 3_ ,j«jlj j i^l ^t Jj S Jy^pp, A 
< . V «* «««i ft li. ftft* »■««< >> ImpI^I a a f ^Jffi *"^ ^J"lt(^ l^pj I I « I 1^1 I JiA P > ~ «Mpl 

iSj Jpi tS t**<,i;Wil Lf »A , « ^|{y » • ■Ap<‘ \ ‘ > • 

L>“^p»—* p pipJjLp^^ cA** b *^>^3 15^^^ • '^fS* 





rxr 


Cx^ • a'V m w I^ jl^:i*S (j-l tf . » (^U ’ mm O i cS^ 

‘ ^5*^1 fj^s 'j cx* ^ U c5^ 

Iti ^ 1 * &> J ^^ 4 JLrf I 4 «Xw ^ 3^ J 

jl 0-.1 ojL*£« ,j,-^ljl L t i5'xj^*i3x^ aJjU* 

( h^ Za+Zb fli ) 

1 -T [ mT + M^J + I - 2 ;^ ""’• «“’>) 

X R<''>, R<«>) 

= £.'J^.(r(-'\ R(*>, R<®>) (TY - ) o) 

^ ‘ jl ^1^^ 3^k o"^ 

■ If-^l jl ^laS^ ^^1 jui Zb * Zf^ i j ^jj;£J\ ^jK« 
Oj^4^ ^ly;^ JS J,,f«»;b^ tSjx* 


(Iftiii 


Ko,= 


Z^Zb^ 1 


+ ?II 


IR^'-R""! 2‘7'jii |r<'<-r<''>| 




+ 


R(»i| ^ |r“'-R">| 


(U-t«) 


l^jjjl* LaAmkA &*»lj ,^Sil|ji< f * *^>"*^3^?*^ 

• nani A I A A * 4Ma A j lyw^^I«SU I A«^ ^ 3 ^ 1 1 A At I 

l> xj li k-^X* ‘ '-^ ^ CS"^^ ifcA T M^A i;5lj.< tSjX^ 

^ I ^ Mtf A > ~ «a n i t j I kl<j^i f> A>^ viJU ^b ( ciJl) 

R<^\ R<*»0 = R'“^)<^'„.c(r<^») (Y ^ ) o) 

R^ l A A * 4Mi ft f cS kLjl ^^^j^IrtSlil ^ **-^ ••■ * ^ ^ 


I Jk^J ^ J ^ kiS Iftiaa* Ij I fcflr iiii A tS ii ‘* i«»<» I I L^Ai^ I I )K 
( ^ ^TY) jUxI J ‘‘rwx^** 





^_J-~; jL—is J I < tS ^*—•*»* l- f>V >. '> ^< » (. 5 *^ ^ J J J iS «i^ ^ ,j Jb l^ii- tjfij* t} 

Cw^ ' j'^ R = — R^®^ (jf«w' 

. I >i ^ y f AM " < tiiZw I J^6 ’ V ' v ^l jj ^ J ti^L* t 5 tS I lj, 5 ^^ 

aJ^La* jIjSLJI k '* < 4 iMi > aS ^ 


S - ^ R)R) = £.(R)f^.(r<>», R) 


<> •UlX > ^ I T nv- T-/ —ny—^ 

w‘ f {fo^\c) 

<^yi Lf a Omo ^ I I JlC ^ j ^ t5 ^ hj^>Ai D J >A<® 

^li^4u . tXiSfjf l3*~^ 0^5^*^ \i jfO aSI^ » c I<M |^* ^ *a ' » « ('f 0—^ o ) R aS 

R ( 5 Ia:i«>a ^Ia^a^ <^ 4 ^^ *>f 3 3 * 3^3 ' 

R 3 0^1“ (><>* ‘ (f O—^ O ) f3t-^ 0*V*ir* V>^ 

n = 0 f -^ ^ i w 0 * A^ 4 U^ j aS ji Aj^^Ltif » om»I Rq owk t.^ Lj 

^J 3 ^ 0 <^ j i/l ‘ *“ ^ ^^“ MM Ai TaLf R < 

oJU-tSjjjl 3 (_yJ3 ' Ai,iU< ^4(n j'^ 4~'3j^^ ^3^ 

'{ f o—\» ) J^ U *if 4 (^1- *^3 3 >Sj^^ ' 3^*^ oUc«^ • Ta^ A|f4 

(jil- iCji J3^>* *5^3 ‘ o4<*^ - 0»#i^ ‘ R ts'*J=^ jl^ jl AjliS«.l 4 

ljAi«»* c:-5^ 3JJ'^t9^ J3^*^. 3 ASi^^^X L: \ j 

O^ i5*X *33J'^t5^ V-^ *rf4 -H 3JJ'^t5^ <5*X v><* • ‘^tT* V * * *“ 

. cumI AiX£ <5j^>^Aic4 * ^9^3 {j/Ki*'^ li-lfil 

A|f4 «iJ4N jai l^^jsSJI ^^T *S .3^ J'^ <S'^J9* « \»jjLi» tjlx 

<5jx'3 ^^o(*'^■^^ R) Arf4 ^4». J JjH Ij {fo—^«) AtfU ‘(>rflx^ • 

R< 5 '*^i-A 'j '^o(R) 

(^o_^o)jl*^li:i-l 4 3 (rY-\«) 3 *^ (Y1-1o)o‘»x 4 . c—lAAf^ a^-.u*..5;, 

(^^IaImJA aJjIma.^ 

I “ T i mT mtJ + ^o(«)){.<*''’.«“’) ={.(»'**. »'■*) (n -1.) 


1 ^ AA;^!^ X3 v^bSA.^ K 

A. Messiah, " Quant\jm Mechanics," Volume II^P.747. 
wiley, New York, 1962. 





rA<5 

^J ^jm; ti^ I I*j I >ii» *jri3 ^ ^ 

t5j>'l i *9n.v AtfL > “ ’■■■■ » ‘ ts^jj^*-'.' 'i.i^jji* iJjLj lj( 

• (J^i***< oJU-4^ ■£B(R)t5-^^^>* 

uiP) 


\ 


jl *<b ^J^^^ tSj^l ^ ®) '■^ 

tXali ^ ^ <Ro J** l/o ^ CWK *-L>lt 

■ ’^ys* OtMf^ U J-»l^ 

yjir^y^ -^*>^15* t 5 ^* isK^!^y* J-A« ts'x'£'o(R)<J*>^ *-^ 

a^j ( ^—) 0 J^) IJ-J* 

£o(R) = U(R) = - l/o[l - + C/o ( f T - ^ o ) 

= l/o{l - [1 - e-(''-*“>/“l"} (Uo < 0) 

j$tit^ j* 9 .i—i^ O y 

*_S »^,J^ » cu«l aj;^ U{Ro) = tA) cjIaloU /?o >^*j4 • *>^ 15 - 

0*3=iy* *-» ^^0 ' *3^- ki—'ai-Jb J^Ls •j^ >^*^4 Oi«' ^^'(Ro) = 0 

. *—ijJ^;k; *%}^ ySjj^^ o}y^*^ 

JSLifc< ii5^ aJ^U* 4 (f o—^ e ) a^ ^j» Jl**' l< 







+ t/(/?) UR)=£v^v(») 


(fr- w) 


dS X;\3-* 

M /L + Mo ,1 11^ 

L Y'~1 o ) < f Y—l o )tjrj* 0>^ 

^»(R) = - 0, 1,2,... ; ]M*1 < /:) 




• (3*^ 


• j ^ y-xij^ ^ '-^ 3 ltj* Jif*“ ^ j ^ ^ 

i_fl^»^ldi;^l L jlS I Yf—^ o) (3i#*'^iJ^ 

J~ ■* J if m * ll*^ • 6 L» < CUm I > /?Q Lf La* J*^ * P — R ~ Rq « J •i Lc ^^3 j ^ 

Oj^A^ Rq J>^ J*^ jy^ iSj^ is^!^3* ^tf) 


U(R) = t/o + Wop^ + 


(f^i- 1o) 


ifjl J * J?Q »-iiijX A_^ tL( I i<j ^jlx '^3^3 4-L^ I j'i . -iy^ d»^l^ ■ i> Mi . < 

= Rqj'^ ui“j* f3'^ o ***^ jl «ii* ‘^o' ~ L) 

Ald> J J < xitlx * (s^* .i^L p cSj^ U ty^ 

xly;^ j-Sj» jl iSg^ji cr^ iJi#*^^*< (f ® ) 

^j3^*-i ( P^ ^j* 


h^ K{K + \) r p p^ 


■] (Tf-1») 


A aA ^ ^ ^l>Mi * 


^Pu ^0^ 



'rrr^— 


rxY 


h = ^ . cu-l ■' X "l^^- 

. Alii-Ut cu«l JjUs 

J.Lli5LbAl^ s>.^^ k{K + 1) ur^'jj>»ts;>:l 4? ^1^^^ 

Jj* AIJ/^ jJ (ff-lo) p^yp 

JliA- 

jU !»■ * 1-^ ^1 

^y,K ~ ^Q + {y-\-^)h(o + aK{K■\-\) (fY>_^o) 

*^gcJU *V • V = 0, 1, 2, ... . j £u = S 

^LcjIi5I (•>-'j (»5*i c:.-iUj»-. cu-l tA4::ujb 

' Aii'j 4^; (ff_)o)jj t) d-Uj^rfh-sc 


OA J, 


jifj ts*^j^ Ij 5 


^*ib (y + i)ftw 
B,,,c,aK(K+l)- 


{K{K+ \)af 


(fA- ^o} 


^K{K + l)^ + \UqRq^ 


y I Omv^ 4.^uw 1 J ^ y 


(O = 


U^RQr+6KiK+ l) o \' 

PAf -^0^ 


(M-lo) 


^0 jj^L«a5 jS<»ljl^ j-^Lol 

A ...^ L (j r '~~''^<>j*^ ^ <~'- '> ^ h Jy— ^ ^y j"-^ * '^yis* (s~^^ iJ y^ y 

A ^ ^ \^y^ ^S|f4 * ^ t*im» . (aA:(ii:+i)« t/"i?o^) 

• { fV—) o) ^ (f A—1» } J 

)K 


^5^—— '-f^j-( ur^jj-t iS^y< ' '-—-I ts'x )k 

^y-J Jty 

Bethe and Jackiw, ” Intermediate Quantum Mechanics",— 
2nd ed, P. 131, Benjamin, 1968. 





rxA 

■ V ‘ ‘ ^ (jf* ou*l '^jj-i JiL»2 ji < A<iL^ ^L j^S' 

(f A— 1 0) * (^'3 j'i • (f 6—J,**.*^b^ Jw{ jj Ij jl^ilL 

c 5 l>< • *-La j Iim '^ ^1 151*^1 _p (.^L^ I Jxiio^ 

ASSj 'j ( « V **b u“J^ 15 *^ 

<Sj^^ ur^jf *Atf^ 15^3^^* < aS >x;5^ 

. 1^ t 5 >'i 3 i^*'* i5“j-K • Ajl j jb-.^ 

‘ ( A-Li* t5^) 

Ua:;^ «S cj'x Cw^ * **>“ Ai;!^ 

K^y^jc aiiL* . a' i - ii la Y U i 5 V*^>f*^ 

^ 5 — 1 ■■>' b J aj1?a<» cxIL^- a ? >«ii> a » >' < «X*A Lf 4 uutl«i iSj^y 

^Jjl—JCU Vv ****' 'i^bCL^# t r * ( iM» r A T mm A JS ^b « A^^ > » • 

A^ A ** < « « Outb «il^ ^15 b (^Ia^mm^A £^b • *-***» ^ 

• ^IaIamaA ^^SLaA d/LoTh^A b A^Kaam dJ L^ti rtf < " lAiii t 

• -^j ■ oj»-Ij lAA r .«. A cu-A-j ^ISucI cSjij 43i>^ jl \J^y^ 0*<* 

b f_C I AZ^aaA ^<b ^^LiAJ diAMitJ d 5 f ^jLt ^b j' ob*f*^' ts'>f 

(*j^ ‘ Cw** b ‘^b- Aiiit^b X0>?’ ‘ '^b 
csb^^-bii ( yjO Oy3J<3'^ ajISa* dJL» Cw^J^b.* * '^b ^ ^ 

dJl^j^iASoLA J^jlmoI . .i v‘‘w i*A AT = 1, 3, 5 ... • i5"*Atf) 

tr'bj'^tsb^^'b^ (OjjV^Ob) ’^*^^*** * '^b K-^ysj'i t5b-W*“* aS (5 = 0) ajI^ 

^^U:u.ib ^ tyyS-X ^ “ •*rf** tS^.^< »ji<br^^ (AT = 0, 2, 4 ...) 

. jjl j ^ 51 a:u-a JS dJU-Af b {TiJ /^) a.?v^ j*^ • 

J jUt j^A<> dA«ljk 5 xu 5 Ij iyt^ Oy>^ 3*^ Jbi>-I 

b A 5 = 0 ajlcU ^ 0—1 A::Livb o*^ » 5 «O*^* 

0“^ b bb 3 bb tsb-^^ »>« b lAjl.i 5 aS" d*«.l ^^^ dJJa« ^>4^ . d^l.^ 

j^\A:u ^J£U^ jki )\ “a:^ 3.^ aS:^! 3 d;j^d.j^ jPj\ ^ yj\ i5b^b- 

• AA^i^ d> I r ^Arf K 

L, pauling and E.B. wilson, Jr. ” Introdution to 
Quantum Mechanics”, Chapters 12 and 13, Me Graw-Hill,New 
York, 1935. 


I _ jj JjJ j 3 


fA^ 




(^jlub* A^^) ‘Xi^u j Jj^3» —^ 

(j—J'i ( C5 * *-* '* ') 3 'iji'i OSJ^^ 3'^ OJJ'^*^ Jj^>* 

<J-tf 3t/(i?)tS-l^>» A^U- <^1^^ lSjl^J^*-l • •XiL 

. iii«l Aaij^T 'X*'^ '-Sii a^Ia^ 0'^>f 

(|o—^o JSa) jl vi*-.l ojL^ H 2 is^^ 3 * ‘ (TY—^o )(><^ 


•^ “ - Is ^ + ^'"'1 + |R.*.l - g...| 




|r(i>_R(B)| ir(2)_R(B)| 


(^i© — jo) 



( ^ ) ^ir^5^3J^ 5 ( ^ ) ©" « » Jj (i5^j^'^X ( \ ®”'\ ® ) J^**' 

Hj JjSJ^ 


j «i jj ^ R^®^ 3 R^^^ j^j3iw^0aSu ^ ^ 5 * 3JJ *' 7 *<,/B^ j ^ 40 llCi,i*l 1 ^ 

ts^j—< (f o—.j ®) *yt3 aJuU* <Sf! t (^o—j o) 


t — London 


f —Heitler 









h^ 


_ [V(»2 + v'^»] + ^■„,(R<A), R(»l_ ,( 1 >, ri">)|T„(r''>, r»>, R»>, R<>>) 
= £.(/!)>l'.(r">, ri«, R'»), R<»)) 


(iil- 1o) 


--. R = R<B) _ R(A) ^ ^1 ^^^1 1 n 

, c-*»l ^ (^O—^ 4 J Ij |J^iJ i.“ ‘‘.>ts^ J^(oc 

(J*" Y i5^*VAsji^ j* ajli:;.,! L Ij (^ e ) *S 

*' ““ ^3J ^ o"^ J'^ ij^f^ji 03*^ OJJ*^ (*^' 3*^ 3^ J3^3* 

4>V ,.,,;<<UI^L I* . KZttI I diXw tiji B 0 ~ «l».fc V^JJ Y 033^^^^ 3 •'^ 

^ I OfcXW I 

“ |r<‘’ - R(^ “ ~ |r<^> - R<»J I ( ^’ - ' * ) 




1 “I j . 

^ 3*^ U<K 




A|>= f- + ^ _ __1 


R{B) j 1^(2) _ ^(A) 


(VAT- )®) 


*j^3 Ij rtt > *' <*■» > j ci*j 

JS^ 


( At - 1 o ) 

*2 CI t i\ ***1111 ft V^ i ^ «2^2w 6 * *1^^ 

t5lfc*lb t^g b -i rtv bwt ^ ■*« y'^ 

. jjIajji &::i ^ jLs j j oj&^ 

f A - I > > 1^"* Jti • VZrtM I < 7n? « ^ »l>-4^ t-*^ * ^ ^ ^—1 o ) J'^ l ijff bfc 

b IJ (A T—1 o J aJ « » ^ ^3^3 «2u ^ b 3f * " c^lj3 Am ^bj S rM " i#^3 




(AY- W) 



^ ^ ii* ■ * (jb ^ ai i J (J ^^ 6 ^ ^ J J 


ri) 


( j 5 * " * * ‘ »^ ^ * ^ jhf ^jy ij^* jfcji {_5-f-**' 

^ fj^ **** I O J ^ * iS ~ 0 15^ 1^ ^ ‘ " ^ ***-*^ 'r * ^ 

J ^( 6 ® ) J ^ J IJi V <* ^ L ^ '* <»*w fr • *^yi* t <\ i'lHift d«ii^p«>JI Km B 1"* >9m 11 

^ t5 ' ( " Uy * ” ' ^ O J ^ * i? = 1 l!rAMW L LjJIa ^j Ij C i# I ^"<»>>!ft 

• f ^•z* ^ S^ uS3^^ 

b(61—^0 ) j*^ ^ ^ ^. " * tf **^3 Cx*^ ts—L; « JK^IcS, 
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. <^y£, ^ L( 
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• »V ^ 


I t CiLau»MA^ Jif'V' —1 B 
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■ ixt iAS* ^ t *\ \ y^^M t Cl4Mfl AOLw X/IaXw 
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J«i A jji ? « I L> ^ 3*^ * (Jl*«#l ^IiL» A'^ f l u 

L^''^\s ^ O*^ iSj ^ ^ W" j ‘ * d-'Li Ll.'j I 
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• A *f 

jl e*«l OjLfJi ( ) Y—I 0 J^) cs^ j" 
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m k m k m k m 

•^^^WV^l^AA/^/WV♦WSA^V^AAA/^W 
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2*il J J IjM 1^1 jl 


- U) 


I J j?V ^ ‘' 40mii liii^ ^jJ j « » « J | >iM i A_t>^ Lu ^ I ^ ® ) 

jl U? ^1 / dJ.^LH« ^l-l _J ^J+1 ^J—tj 

lii T I .i j (5 Iftj J ju I. ** *!? j L; tS ^j«{ J X* 
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^-Z (W + ia>,V) 

fl» 1 


(?1 - !•) 
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(,-A,e-‘"-’ 
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j.' \ *»»» C ^ j ^ <- <M» ^ ^ Y“) o J aJ J Lm , >^i | >^ < ~m » >i4-j 
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a — Von Karman 


j3J *5^ Jl£ Nji j (CmmI {^'X>‘ b rt i5*x i_vl>iivl jK 
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^U:: 4^ 

J ^ J ^ J^*0 ^ ^ O ■> ^ - ‘ l « * ' ® <—^ ^ J J 

aS «AA ' O^ ^ ^ j LiCwo 

Ai^ S ' aS^^Jj Lj «J^ ^ J 1 %.1A !.■*<< < ^»»i < ^ ^ ' k*'*^H,i 't d Jiiu* 

■ 1 ^ L/^ ^ i ‘ *« * ^ (J* ^ ^ ^ " J. ; L Clx-C^MT L 

<5 L^ j ^ L^- ‘ <-»A ^ ^ Uj ■ I (_S^ ^5 j ^ J ^ l5 

* aS i tft C s^ T^C1 ***h iJAi^ ll!w • iJum t V ii ft Wi ^ * ^i L / A*<^ 

i i\ ■■<> L ^ ^ ^ ^ L/ ^ V_$J (^ 

, U , L liifl LaJ j ^jJ la j ^ Ift j ,j»“ ii «A ( < “ I f ii» * » ^ W J 
, *X<iL V *$ C (J^J ( C ) 

LiJ'^JS^ — i>rf^ aJjLuo —) 


, J4_^ t ^ = ih djdt ‘ <SjJ—'^jS^*^ O'^J^ '^J^i ^ <j:Sj;>- «JjLaa 

< IJ jtjtO) «^jjyj.lt«<a tft^ ^ JU c Lf j^JU ft (j_>5; I ^ iS^ l”^ j ^ • Arf ^ 
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^ 4-i »i Lft® dSj iSlwi' ^ 1 ^ ) J ^ ui^ ^ ^ * C^**** ^ c^^JJa4 1^ t b d^ 

^ IjCwmmc ^ ^ ^ H*3 * ““t? ' ^ ^_jl ‘i7 

^ ^ Ijm 4 ^ ^ L>w-rf ^ * »i t »ij I J ^ ^ 4 Li* Ijl ‘ > »»w> J*^ it y ^,5*' ^J ^ 

1^ 1 ^ ij')nJj« lib ' j I L ^ ^**) ^ '-<-****■* dS i^Mk^iS 

0l>* ^ ^ Jo L Cmx« L>U.^ 1 ^ ^ ^ l2^ laaif ^ ^**i_j|^MJ 

c LhJL> ^^^viwJiSU I ^ ^ jl^ ii *>. ^ 1^ ^ ^ f jl^ «5^ '*gi»dJ^^ljhiAiiy 

^ ■ijjwttaiM* &iLo L Jkj^ L 

(T- n) 

9 JUm^ J I5j Lw 

' 03'^J^^ 3 V>;^ iJ^A; O'^J^J^'^ ^ 

£-f<f = /ft— J p^6 = -V 
0/ / 

K.G 4 J.iI** ^ ( »i i4 « ^ (j* J l*.^ ^ (T~M)j*^ L> 
p(yV-^A) +mV|T = |^/A^-g<Dj I'F (r-U) 

I * ** J g ^ ^■■' ATi^t^y ^^Jjo ^ I N^irf. * ^ aJ ^ 1-A4 ^ 

0k« ^ ^ ^ o&J 1^ U JCG aJ*^Lm . ki ^^ ^^^Ap44 

« dfMv ^ 

Ihmw I 1^ Ljto ^ I (^ ^ k Vjjrt 

/dA ao \ 

U = 17 = ‘>) 

•^3-^ty* OS-^JS^- aJjI*. J 

Y J-<ai j l( Af'—Y ) 4 J.iI**. 4 jIo<. I 03^ J ^ r*^ cff^>< ( "*0 tSW"*^} * 


c^(p ~ ^ A)^ + m^c* = (e- q^y 
c 






(t-n) 

^ ^ 1 B J ^ i|; aJ ^ Laa6 ^ f vjC —^ 0 aJ«^ Ijk* ^ ^ ^ O ^ i 

c i^ m j ti ^ ““ *‘ u ‘**' ’“^ {S ® lJ^ lSj^^ ‘ t _ s *' ‘ - ‘ ? *" * • tS t5j_5lif ■ 

JTIC^ Ai^ IiWm ; ^ iAJ f »< I Jgi< ^ W V 1 ^ t5^ CImJ L^ L^ J ^ 1 ^ aS d4M^ 1 ftlC^ 03^** 

oJL>' ^ 


_ g-imc^r/A\^ 


(<i- n) 


^SlJw ^3 'J .‘"" 'J*r ^ ^ ' M 4*^r I ^ Ift 1< ^ Waj/i *>* Cl*fc**iJ • |>n^ 1 

CIp^j ^.«9dL^ ^ WI J .i i " *a mi 1^ G ^ ^ ^ ^ ^ ft«** t; L*« 




+ fnVj'{'ki„ = 




I W 

j ^kin 


|(_A^i- + 2,7,(mc=-,®)|) 

-[ga)(2mc^-g(D) + m2c*]|'F,i„ 
{-^"^2 + 2/A(mc^-.7(D)| 

- fl<D(2mc^ - g<I>)|T^i„ (f - U } 


^ ^ ^ *—^ ^ A^ ^ ^ i i III I La /iJ|SiW* ^ * Aw L/ ^ < *|J f *** * ^ ^ ^ 

A|;JIA t-’ ^ C I aJ . AJ^w «ii>- •Xm i W i iM jj * f)jc ^ (J* Li 


(P-(g/c}Ay 


+ ?(I>l'i',i„ - /ft - 


(Y-n) 


^ j^ ' * if^ **** ^ l 5J ? * « tf aJ^ Lu CHi.>w aS 

< Jl—ii ^JlJ-UA-f (I ^ j*Sl>. aJ* i L»« I ol^j ^ Ai j^to^ K.G 

. <^yj AA I < U 

<^j^-oA^ jjUj L; KG *-SL t^Lilt lyjiJL»> a^ j^S o ^y^is* 


= e-'■'"/V,<r) 





KG ) ) jj ojL^ jbjl^ j1 . Jj— 




^ a) + m^c^ji/zitr) = (E, - 9 ®) Vi(r) 


(A-n) 


A = 0 iq = *5 iS^ U(A—) 0-^' ■ A'^y* 

09^ • '^>~(.y*-' >* ^ I o 1^ I *5j ^J Lu ‘ (•^-^f j 10 = e/r j 

L ( X—) ^ iSjJd-' ^ 1 *“ " * >-^ 


= RJr)Y,„^(0, 0) 

■ l>»*^ U iwifis La^ aJjLm < uPff ‘‘J^ (J^ • *“ 

<XsSf^^ ij Oli^ . \_ i i i o ClJ L»- j <,1 j O - Kit iS" 


« 1 *1 \ 
0 Wy/ 




E„, = WC^ 




_y 2 ]l/ 2 } 2 j 


L {^-0' + i)+[(/ + i)^-y^]‘/=^}2j 

f«=l,2,3...; / = 0. 1, ...,n - 1) (1-M) 

-c ^ • juiL^d 'S^i N^ ^ «^4 omm ^ j L*^Lw Ow 1 ^ y ^ ~ 1/137 ^ 

ii VM > I^ <'^J^ ak ^ ^ 7 ^ ^ ^ ^ A O Ia'eiw 1 Lrf 


E„, =i mcM 1 - 


“ ^ (r^ “i)) “'■^) 


J AJI>-l_^ Vi^biSi^ J ^ ^ 

L.I. Schiff/'Quantum Mechanics/' 3rd ed. P.470, Me 
Graw-Hill, New York 1968. 

V = €^lfi j , ^ » j i 0.4 ^ J I Clkf^ME dS ^ ^ ^ J 

i ** «. 11^ j *0 11 aS* ojb o^^4 LmO y " ^ ~ ~ 1 /137 <^ IA 1*0 Ij O^ ♦ A I* .... ^ 

• '■=—*'1 tjrv-t^j^ Arfi* 



f)) 






4j“i O 


^51uf ^ 1 9 ^ J J ^ A-L*j^ 


tvc^y^ 6] 
2n^ n^ 


£ 


n 


j •X^yut^ji/t L' jrtj j bi^ !*« j I ci< I > r«<ii> I j^y-t O ^ 


®rs ®ij 


L 

0 


(/ + i) 


£ 

4« 


(n-)!) 


' ^ 0=“^^ j'^ {) 1 — 1 1 ) f (j* {^ 1—Y) U 4j>v.:i; &^ll> jl 

^ Lk> Lm ( 1 1 1 1 ) ' l*-Luik« , Jut L I — j I t ^ * J«l£< J Jl£ (^L>Au 

1(5 L>A- iS ^11-S^. Jh* iS^ jj^ ij^‘ Cw“^ oj'^jfij 

, .l.t> ( Oiu/I rt' i»i« ■ » ’ . 7t I-S^ 



^1 jrfj aJjLo -.t 

*— U ^ ~ Cj^ j ^iSj^ “ (3“ *-^ ( 1 ^ T A) ^ j j j 

1 i-S^ ‘ lK* ^ (S ^ (• ^ t5-^ b> j J aJ J Lao I . J jaJ 


*--Y ^ X Cwc" ^ 0»i ^ V--*-' • v Wv ' tj V.—‘ x^ J U ^ 

^ b/ Ju Jba <^uw JA^ ^ 1 ^ ^ ^ ^ *b ^ L/ ^ ^ L i ^ biv CIb ^ 1 4 /v 

^ Idj j ^^ t |BUIUBU I aS « H < M I. |J * * ^*AuJ^ t JJulu I J 1^ CiJJ J ^ *■■A*I > JtJ fl « \ ■ ■ « * d JwA L i * B4 

p * i' ppj^ 1 J J p f ^ < A p B ^ J aJ J Lao ^ 1 aS* ^ r uip 1 

^ 1* ^ p aJ J Lao ^JSlu J 


= 


-/ft — 

dt 


(IT- n) 


j < Jut Lp ^ A.P <■ ”i |ippp * jh^ !■•>%■'< 11 1^ 


= CA • P ^- ^Wg 


{ir- n) 


Id j Ictu IL , xsb lj.>- j ^ j a iS L^^^SLIac Lo , j L ^ U 





f)r 


( ijj I liStf L^) ^ 51 ^ j I jk^ l^ 


P~*P--A s (^f_n) 

Am Aik 1 * W * i S n ^ I A|^ <■ A l 5 ( 1 T* 1 0 dJ ^ Lb« 




{/f, i - 


( 1^5 - M) 


t 

Ajk,*:!: f ^ AAjjve ijAlAj^bj Aj5 j^Aj^ L 


|c4 • ^ A^ + 4^ = I;fi ^ _ g(|)j ijp (^ f __ ^ ) 

li^ ^ ^ ^ ^ ^ I tJ.^W ^}C G^ ^ ^i" ***A 1^ 

* v <A^Lf j^ W ^ 5 ^ ^ ^ ^ 4 Jai# ^ ^51 £ 

[a,, (2,-]+= 2^,J, [aiJ]+=0, ^ ^ T (w-U) 

<1^11 >■ ^jjio j ^ <_5" ^ tSJ A * ■ « a i> ^j£ L^ Ami Ip^ f^j^i ^ 

. ^AJ.( 1 \ ) 

iS '(■■’■ *. '^b^_y5 L»a^L^ Jx^ljjA^Arib^.^ ^ i iS ts4T#^3iii 

^jL^ Ij f xf '^is* CUALj-t ^^^ . A ' i " .,■■■ ft ^5-Jjl^ 


"„') ^ ^={i _^) (u-n) 


( u-^) )o^aLi.ajI4A^4aIa(y— f-) «^TxT 


d, = 


fir = 




0 

1 

0 

0 


U dj ^ijTjA tS 
AA^j^ ^g l^ ■«« » - f ^t* <—»*.>»• 



0 

0 

1\ 


0 

0 

(0 

0 

1 

o\ 


0 

/ 

0 

1 

0 

ol- 

— i 

0 

\1 

0 

0 

0/ 

\/ 

0 

0 


0 

0 

-I 


(n-n) 


0 -L 





o ‘^( \ V~’i 1W- j I"4-~Ji^^ 0*J' '*j' (3^^ (■ ^. ■■ ' ■■■■« ijj IU- 

45-rv^^ J_«i^ 1^ jsJjLfco x:iy;^_y*( ^ ^^ J *JjIju 

(■J>^ »" *^) eJU- ^h (^Ij^ f xf 


(To~n) 


^ y > A ^ * 1 C^ ^ Itf * 

^^Jaj j ^ i5 jj^ ^ 1-^ ts ^ 

'p = 

lj^lj_eJ iSj^-i^ ^Jts ftJjU. *jL j\^ ( \(^^) \ ) jj Jjilij tS J^\5* 


jca • ^ A^ + 9 <D + ^/wc^ji/^i(r) = fij ^//i(r) 




(T)-M) 


, A' , : .. ^ i-jjjM il) j A *5" ^*ii-^(jo (j<5ji 


jljTwIjj 

j I I: ; ..»I ci'jLrf (A — i) = 0) •i Ij ^ ij>i v-1^ 1^ ^ l5j ^'' *'* '* *^j) 


|cy(S- V 


V, = |u,>e"-"" 


(TT-11) 

(vr- 1 0 


6 i«i'4>w 1 *—i.Lf I ijg^y * 


j-^ ' ^ y & iS ^ ^ 






l«^p> = 

Txf J^U- (tt-I (tr-l 1 

{cp-a+j5mc^)ji/p> = £p|z/p> (Yf-l^) 

3 ^ ( T ““ ^ ^ ^ ^ A^pl^ ^ ^ I *4 ^ L mIi ■ ■ ^ AmJ 

£p^ = (cV + rn^cy^ 3 £p" = -(cV + ( y^i _ ) 1 ) 

tjL^-JLp- a5jI j jji, j| Y—^ '^j) *^>**15^^ 

^ > I , 6 " i n ^ .4^ j\jS j ^3 O' j ‘ ^ l^ ^ fc*»> 

3' •X \ ,>j\.f£ \ y •,• * *» tSj^^ 




C—A '■^ ^3 Cf^- ^ ^^*f» • LTJ l- *' .*^ . ' Np j'^ ^ 

^jU..;ljt51_^>4 fljj ( Ir ^U) ’■ " *<-■ ? ' ‘ •V'^ ^ 3 *^J>J(^ 

<ijl^3 jji Li64Ji4 ^ >4 ^j y j->» t5j<H ^ • «X« fe *^(J* 




( 5 ^ (5 < iS ^ 




_ '£p + mc^' 

~ - 2£p" . 


2-1 +1/2 


cSjj-' ^ 5 ‘ O "^ { 0 :<“ ^ ^ U) O l ' v* **' ^ ‘ P ‘ O ^ A l _M ..j<Lf JS cJ i>- . j 

L z ^ ^ j <■ t J L*< c A^ 4 ^ O * {^^*** ^ v ” i< > *< ^ 


^9t = 


“pt> = N, 


-cpT 

-Ep~ + mc^ 


L(Pr*/A 


«P = «p" = -(PxV +mV)'/2 




tSj>' 4 


A ^ ^ 1 i * I > 


j >>4 l; I—«-f>«i- * (i— sl) I Y p— 1 ^) o^ ^ j ^ I >■ '' .*f * « < _jZ I I ^ ' ■! L>- Ij^ <vS I o L^ I 

■ (I ) ft ■ l * «n«< iS j J j I l^pif iimt A I ' . M i ft VfC A-" J* j * ^ A ft \y» 

, ^y£i AZji jS ft i\; A Ij AJtJ j <AJ ^ ^^lJfc AaJ^ I . 1111 Ai^ j A t L<^ 

^ < JiJIajA ^j ^‘ i h. 1 J iim 'Jti^ ^ jip lili* > Z >^ «< ‘ —>0 

j—^ j ^J,jl^ (>-iJl Y0 ftiJ^^A ftj^^ft^ LjzJL*-|j^l 

*^pt ~ .5 IftiJjft<5 Ia-. ( t_iJI Y f—1 1 ) ij r ^ i -r“' (.sV^L>- < ( ^" ■ if A— ’je-^ 

e^ L AljTftji ^ ftS (Ap, = O--/* ^ 


yS^ LSk^l» -f 

^ ^lj-lJL>- t ^L{ jA ft ^ 

< ^. * 4 , I A ‘ ft * L^ I dS ji j < h O ^‘ * ' ^ * JLl^iZi ft' i H > ^ j LlJ 

— mc^ < e < mc^ * £.>^ ’'ft-Loli i5^x c — <» b -f» jl ^ c—I a:i~<^ jljT^^ j 





' (J^S^ 's^ ^ J ' 




• ( 1 —) 'l ) • ^--***' ^ 

lS'j-; '^."U—^ 6^ jjS^ J1^,. ; 

J I j I 4 j >i iS^ oJ L>- jJh ^ r «. , i i >^ '* - L ^Jj£> I . .ij i .i '^^3 — Jui L ^ » ->« ^ t_$l. ^ . ' «IL> 

i5 l<j Cw ^^ ^ !5 'Sjj-' ‘ v5 4"^ '^3 «X>k* I w^A.; ij 

^ L>w I dwOJfr J 1^ ^jg ‘n >■ I ^ 4 ^ tg^ <-5 ' 4 iS \-^3j ^' J' u* j* 4-^ 






15^ ^ ^ 0>'4 . 


j I A ra 


jit.^ ^ i < \ Jit* -»■■■ d*^ ^Os^ ^ ^ 03^ * ^ 1 

j L '^,'i jJ j Jk ^jA ^ ^ 

^^IlJ ^ ^ lw%c Ls ^ ^tri »i'^i>v> L/ ^ ^ CL* > - 

..^ ^iift L./ ^ -^ ' *^ '*^ ^ ^ O ^ ^ 

4 AA Imi^a 1^ ^ ^ Ajtf^ J '-<■ ;* *< * \S ^ ^ *\£ W La I dj A jjb . A^^^^ 

• 



.^U^ JjT Cl. 4 j ig cSjJ-' ^ j c'/4^ (1-n) 


ls1k*4oj->^' a? cr^>S^^j^. o^y A< 4 • cJU- ji 

j ^ I ^ftajLc ufU-A- <i,>i^ 4 < 'i"4 jni AtfO ^ iS^ 

l-^ J ^..iU tjA^ - A l ^jw gA-. (> .M l.>ii ^ jj ' •—Os!^ j ^ 4 {S*J^ ^ ‘~J (.5^^ 4 

jL. i-sJLii* jL{ i^ Ajj c^ aS c:«j«.I 

j J aS ^_5 l__)i , A .XSi cii*« i I Aj j J 4 ^ —* C>3J^j3^ ~ *'"“ ^ 

juT^ ^y>gA- j' v^ o^'y O^ 

ji 0—1 o.g4^ (“j^ csjj-^' o>ij^ • “^y^cy ‘Atf-L; ci-i*- 

mc^ — ( —mc^) = 2mc^ ~ hca o£ 1 MeV 



^~t • -^ ^ ^ c5!^ j^ CiS*^j^ 


^ iJ^-*-“ I. (_5bjl_j5 <S^ L- _^Lim o><^ ^ 

|aA ^ ijlSli ^ '^\j* 03 ^— 03J^^^ '■ " ‘^ y ^ 3 •^3J{S* O^ y^^ll 03^3^ 

fr > ^ ISL/ c^ 3^‘‘^^^3 ^^«c Av i i^ '■ ** L^ (ii't***^^ 1^ 

h4 J ^ *^.J * ^ 33^ ^ ' “^ 3^ t ^ r ^ i N^,!!* L ft **>*.; ^ 3'^^^* U5.3«^ ^ 

L ^ * '" ^ ^ Im^ ^ ^ ^^iA# 4^ i ;jp< f ^ A ■■** fr* *-^S 

^ ^ n; A Ig* hX-y ^ f iJO Lk^ ^ y .\.^ \"‘ * m^ j L ^3j ^ 4^ «Xib L5^^-3 { ^ *'**^ 

^ '^y^iS* Cjitf 03^^^3'^ 0>?“ ' •^{S* y 03^y t—A:?- 

A ■ y 3^ ♦ Ol-c^ Lam/ a ***< ^ ^ L t 4 -iiMi fr* ^ fr 4^ ^ f La^^ fr> *XX^ 

0_J*i ^ — 0=^^ CL.Ij J4.^ X i) t5 L^ ' x l l>- 4^ 

• '^“^LS^* <-53->« ts^ib j* > x' . : Ui. ft> l^’T 


l'i«ii,rl ^IJum tii[j jO 4jiX ^ 


t5-^ O ^ j J 4j j <S^ t5 1 T— \ ) ) fSjj^ ^ l5j aJ^ U« 

^ ^.'rl".—j ’•■’.^TLj I 'U m^ I y (E = — V^t) ^ <-^pllL«jjJ)iSJ I j b *<*i ^ «' 

j I iju«, I ix-j L^ (B = V X A) 


- IA^ • A + pmc^ + g®! =s fij \j/i 


(TV- n) 


^Tjj aS 


^4 Jul aJ jUa ^.4 L Ouol J>4lju ^ Y Y—1 ^ ) aJj Ua 


~ C ^) * '*■ ■*■ = ®l 

(^(^ ~ ~ a) * - (fnc^ — = C, 


(TA-M) 





f)A 


T j ^ ^ 


‘“■-(g) 


*!>' = fft::M>^«U(A, 

I Cj — q<6 + mc^ j ' 


(Ti-n) 


1 j ^ .( h Jj I aJ J Iao j J I ijj JI «i j \ji L 

<'"{ (f - ^ a) • «(e, - + mc=)-' (p - 2 a) • + (mc‘ + q<t')<li<,'‘' 

= £>«'. (r.-n) 

J L u> J I vjc ~* 0 j t *-*»< I jJa-JIj J *i Ol^j j 

t j«i » 0 »- ‘ »- * *" ( ^ ®—^ ^ ^ 

O !>^Ly* • '■ ^“' **“ ^ 0.5^ J fi/ = £i “ J^ 

(e, - 9 < 1 > + wc^)“^ = (e/ - 9 <D + 2mc^)“^ 


1 


2mc^ 


r, . 

I ~^'^'i (n-n) 


( ro—1 1 ) L (T* 1—1 1 ) -kii ' {jp' it f “ 'Jtl^ cJ' ^ J 


[(^ - (q/c) A) ■ d]^ 
2m 




(rT- n) 


J J i.S'l^J aJ J Lm* f^ A > i |f" < iSfi oI i S .i ^ I JI Jy^lwiJ tS^j^ 

)K 

*.iL j^j iS I*^ 'j (T* 1—11)' tJ-®^ < 3‘ ‘ u « f - ‘ 


® Oii ^ • 


J _^jiio ^ J J ^ L. S ^ c 

a * ‘ * «*W |j * ^ f aS dwI 





(OJI) 


(d • t})(d • ^) = C • V + /d • (C X V) 
[d. C] = [6, V] = 0 


(oJirr~ n) 




{ vrr - n) 

AA1^ ^Y'T—-11) = ^ = P — — A L 




(rf- n) 


. § = ift^ 

‘ jf T *** ’’ U ■ ■■■« - ’>^ aJjU* L (Y'f_i ^ J «JjU« 

u *—3 tSjxl J«Li {ff—1 ] ) Sy*?“ 

j Ll>o -**■ I I^1 M i 1^ ^ V S (^5^ • d**wl B L 

t A VIi‘iiM<h Lw I 

^n w jA frfJU « ^ij^iiiii> f ^ <i'(;tf J 4jj tSL ( f yt ,,^ - ,jgJ Jx> jJ t o^tjfLf 

p 

^ A ( I d^ 1^L3 d« Qi^> ^Li ^ 1 aS f ^ ^ I tS diMir I ^ * 

('T^—1 ^ ) J*' tJ ^X *' jj l ^ fT 4_5 ^ O tf' ' ? ’* * • vjc —* 0 

* 2mc me 

J3^^ *5 (JjIaaa ' =Y ^ (C«»l j-t^j^ Cx^ J*^ ' 4^1 j 

» i r ^ d A^ A AA Lma t5 

A = 0 tS iS'^jy* J'^ (^*■“! ^) j'^ ^^^ j"|jin M ‘ O' 1jai * tS ou»I ijy^ V—JLp 

U^3‘ ^ ‘ ■‘«f* ^ J uSjX^ '-^ 5<I>'= y(^) 3 

jj( Y )—^ 1) O'^x ^ tj-'jj'V* OJx^^ ^ y-Jo[^ f V = —e^/r j'jj* 

* (T' ®—1 1) 





tfo 


[e/ - V{r)y2mc^)P ■ & 

2m 


+ no} 


+ - n ) 


jU^j—L l-, 1 L; . cu-Ljj tsj^l^=£i' - y(r) = p^l2m 

jlj_J jUcI P = (h/iW » d 5 (Tf-) 0 

j 


1 (e' — 


p^ p* h 


-)0 


t5jS jA i^l^l 3 (Iw ^ J ^ **^1*^^ Lj 


</Kr 
VF=^^- 
ar r 


Wlm^ I 8m V 

= 


*^>*tf* ‘ 5 ' (r^ — ^ 1) 


+ T-T-J - ^ d • (r X P) - —J-J — — 


4m^c^ r f/r 


4m^c^ dr dr] 

(rv-) 0 


j-|f j*"-* i; ft 1 « > ■ t A « * *«i»< h ^‘iy i ‘ « » ' Ia l«J V*^ 

f J I- i ^ *- - !* * • • ^ kSJJ^ ' **““ * ? •>< Uv>wra:J ftS CUm, I 


2m c* r dr 






2m^c^ r^ 







ft) 


J ^ ^ ci J—^ 0 ^ ^ 


j IJU ^ ^ ^ t > 1* ^ |ftJb^ ^ ^ Y'^ *1^*'*<«» J<Lg &Jrfik;> Jlm Le dkXttJ^ I . 6.”,^^ 

» ' I T' ^ 4 ^ O ^ J5 * ® L 

j J p Jj IJ Y J ^ ^J J ^ lA^>wfiLrf Ll I aS CUmi I \^Js!^J A Loi^ O' aJ.^^ 

^ (/ = 0)<y iS J ^ Jajij Ij (,5j>-'^ c:^li>4*>v-a^ a La. '^ 4 ^jj->\0A 

A l ,j ><f j<u- O l><^^ '> %> a l * ^ » '^^^ 5 * 


^£(Oi<3j**^) oc <n, / 


^ 5 
t/r 5r 


/?,/>-►) R^f-—-^r^(ir 
'>0 dr dr 




A£( Oiijj'*^) oc c* f K,, r^ <ir 

•^0 r* dr 

= c^f = 

•'0 


Ri. 


0>^ ♦ * Atfi« cilv-^l^ cs'>i « ^Jii 

li >^ *. > l< rfl «H C ^ ^1 iVViiF 1^ l i^^a.l L>* ^ I 4 I/ ^1^Ijl^ 

m I ^ C^ ^ (Jf 

. JLV^.ft aJjIm JjI ( j'yS *** ' j^^ C)jjJ-^ j^J 

• 03J^^ ‘Aii * ?v^ j'^ 


\jjj<^>^ j«A j^j jli>L«_ (Jij*>ii. ‘t Lij jj *j«i —^ 

J 3 I ^ 5 ^<V A. >jt Jl*-e I U Ij 0}J^^ jxj jbi-L 

^ Li^ J **** * J'^ L® ^ Aifiw l^s* i ^ ^ ^ ^ tA J Ltf A I l^i ^ AuoA.^ 

<-■ .■■. > • j—t iJj^^ . ou«I^^^IS«l aJjIm 

j f i % mi I ^ * A i V * C ^ ^ ^ j Lmh Oi-f L# ^ ^ 

f ^■'*««'jyJ 0tf I" 3 ^ }i * ^ ^5* J ^ tj^ JaAi l« « *-*««< I A ‘ ^if g h<v ' 

jl <>:^^ *^jU^ tj'tf***-' ^ tS^X ( Y Y—^ ^ aJ jU« 

|ca • p + ^mc^ - y U = e>^ 


(rA- n) 





frr 


^ L/ ^ rf La ( f C ***^ I 0 l ^ w*i a k, S^ » ^ Y' A^") 1 } ^ 

—(>#r“^ aJjl^a Jy>- Ij^j « JjS (^ Lto_,>-i:io R„((r)Yi^^(6, <f)) Ci'^J^ 

^"SaJ i J ^ IjLO ■ * ** ' dLM*>^ 1^ ^ O J 1 ^ ^ Jkd 

Ij j^j ^ ^ J 4 C.* ? ,* ^" ^^Sgf ^ ^ l5 ^>< 

“"'H ( 2 I+ 1)±2 J ’■*■•’'-* 

V ( 2 /+l )±2 J ^'±i.'";+i/ 

0'^''^j'->—^ s iS)j-^ c^LiAiAia jj (TA—1 0 ^ ■ l^yl 3 i o”*^ 

f^y^iS* c-^'f>iA tj(r)-^ u(r) (5 If "» ■*» * C5^>< >ij ,C}'^j^ {r\-\ 1) 


^tlj* mi — 


J_ 

ftc 


£^ + — + mc }t; = — + 


du (1 + k)u 


j_ 

he 


+-mc^ u = 


dv (1 — k)v 
dr r 


(fo-n) 


k^-(i+i) i^u 
k = i {^j- tsU) 




^j “vf «“(j-cL*i Li.^ jU« jj a u*3J ^ 4-{Li>a o!^ jLm 

A^ V ^ U iS}J cJL>--U|/l^ , j}ji 45-0 

A^l^ jflj jl iS^X * 


L.I.Schiff, "Quantum Mechanics." 3rd ed, P.485, Me 
Graw-Hill, New York,1968. 

H.A.Bethe and E.E.salpeter,"Quantum Mechanics of one and 
two Electron Atomes," P. 65, Springer- verlag, Berlin, 1957. 
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rfKfJ ^■ J<»^ ^ 


£, = «»'* = "ic^{l + 


[(k^ - + n']^ 


- 1/2 


(, = Q(n_n) 


(jjj—d >> _ *: '< ■ * 1^ ^ c*.«l ^ ~0>1»2 . jjTjJaS 

(t 1-n) ' y^ - (ttt)^ -10"'^ oy^ • CU-J4, ij 


^ K v I <j I jfi d <\4 P ^ ^ -^— j y^ ^->« 


-< *J 


£( me 


y = /+i 


- — - ^ /_^ _ 3\ T 
2n^ 2n^Mfe| a}'^"'\ 


(fT- n) 


- t'k\ — / + 1 n = n' + |fc( = 1, 2, 3,... . 

1^1 =y + ^ ' J~i — \ csW 1^1=/ i 

il;^ j<j {f T—^ 1 ^ 




_ me* y^me* / I 3 \ 
2h^n^ 2h^n} \j + i An] 

n \j + i An) 


V 

= mc^ + E, + - 


{fr- n) 


j 

C>h 


j^j j\^lm ^ j^yt O*!^ 

^ ^ 6 ^a-^AI d ^ lltwl I 1^ ' i C l^b A O I O ^ AaJ^J^ t JL^ Id 4 ^ 1 ^ 

, iJui^Lla4 

*> L>^|A.^«aI/ jl^ lx *x,*t X »x I j 1) ^ oj.^ ' ^ j ^ j lix^ L(w 

i< I^X t <X ft ^ O A t'y^ J I y^yi I > " I f w * A^ ' X * ft *»2 rw ^ «XAp^ 

} j j J L * 1 > • L« JI U CIp l#«|«.»vA? J > ■ ^jp Lx ,j > »i ^* aS A-J j IA A^j>j <S^yi {S^ ^ 

u < tf ;<«>’ I lii* . li j J A ' 03^3J^ ‘ '^y^3^ 

i^yn^ • •xjiS' ijfXJiSI Ia.< x- ^ pppi^ 1^ L a.^I a^^a.^ 

OJJ—‘ '^y^3^ Ojj*V* j'i jrfj o>* 

J-i-lA jA . A_^^j4 jIjJ jjAJ^ J,«Mjb^ cS^j vi.*C jA Jai» jj_:jjA^ 

1/r ci-j^A-j "l*i»i Jij-^b^ i{r < 10"*^ cm)oy3J< 
^yj* (^ J-U . AAS^J« (^Jj'V* eSj^* *-^ 
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^ B ^ E ^ o^ ^ w-»Lj-c j'^ * ^■-'**“ ^ ij*^ ^ ^ ^ ^ '"■^ i^^TS~i 

1 ^|j.<n_g Lft j ^ ^ < LI . Jl< IjJ,i O < j 1 1\ . ' <J 1 

‘ es—^ ‘ ^ (5'^^je^ cs-*tfs" * Vw^ ^ j ^j-s O^ ^ * -i-lw 1^ 

I.S—aS jil ~ 2.00232 

jJ^P^ i^ja-i iS j ' ^" '^ '^ I >i^ ^ A»i^ b> < CmiI 

'^y^ <S I—(biJ^S*Ki« A » ^tj” ' 1^ : b I Arf>* <.5 ^y ^ ■ { T~“1 ^ i_]^“) W’tf ^ 

« 1^ N *Mi,&t B 3 £ ^k! i^Jt L x niO ^_C ^ * V ** 


i'(ev) 



• 0J)J'^^ ^SJJ^^ j'i UtfWvl^ 3 jb^L i 51 A| 1 .^--( Y_^ ^ ) JS<i 

• 1 tjL,. rA.^ i_4«J 3 }^j jb^L < Lx3^^:^I (ji<^*^ 

-f 

• l ^ I AMI ^ O ^ ^ ^ 


♦ *—if?‘>' j oys* fyt^ ‘ iiw^^ 


1) Lamb 



fTd 


j J j-j j 


t?fjj iSfji-i <»jj 


t ^ ^ ^ ^ dw ■. f ^aJI^wmaAp^ ^^wLMsAJ^Lf 

j^ —■ ^ L^ ^ l^i MM |I ^ I ^ aJ«^1a 4 An.^ A^ L^ 

v '‘ *».cj IS 4 fc* 3^ * ' V v «aM | h> jIS*ifT A »A |ft fc fr > -i^ O^***'^ 

aJp^Im^ ^J ^ ■>< ^ 

O ^Laip^ > ^ A^«^ Ai^ pAiA«^^^4 ^ Lmw 

^ ^**** *'~'*V*^ J*^ -J rw ^li^ ^ t5Ci ^ 1 ftlL* I < J^ • «XA 

A^ f * 1 ^ *w I |A hi wt L 0.4^^^ 


* I ■■ t Lmw ^ L^«f3 
— - '* • i>f' '^j» J>^ (<i> — 2/nc^jh = 2 X 10^* Hz) 

^ d4j ( A I* 4 A ii^4 La^^JIp i»«iA ^ O ^ ^ ^ W ^ ^ t tf *«»-^ 


JK 


A J Ij 


J.D. Bjorken and 
Mechanics," P.52, Me 


S.D. Drell,"Relativistic Quantum 
Graw-Hill,New York, 1964. 
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J O^ «i !-•• iSi, \ ,A, 'S ^ja t ^ ^ Y'~l ^ ^ ^jj ^'\t^ ij 1 

■ -ijjl^'jL. L ijj«ij^ 

• vJ ^ Y“ iS ^ Ai^* o Y—1) 

ij^ J 'V^>*< Ij ( Tf—l ^ (Jjl'ii* «3:#J iJ jLo ^ 

4 A 4^ 1 4^ ^ Y ^ ) J ( Y ^ ^ ^ ^^ Lbj I 

< . UC'n m ( h ! A4\^ jI.»U^_/ ^ Y f'—1 1 )«>'^ .iljY^jj (^Lb jy ‘ > ,^ 4 ^ 14ir I tS 4^,4 'S ^j,4i>C ^ 

• <«!“> = 1 

l^LbAjJ^^lj., vjc (<jjiYf-n) t5-^li^*^>*j4i» ^j : : , . 'jit* «V*'^ o^ ^ 

aJIS^ |•-fc j iSjj ^^ (‘■-*^ \y^j *'^) y ~* €^ -\- € ui >^^ 'Kt -^O ^ 

4 4^^ ^ 4^ A-5^ Allwuft^/ L ^ ^4^ 

4 owv 4 ^al^ Ij ( Y* 1 Oj (Y*Y“1 '■^ A 4^ ( 4 ^ (_5 L<b 4^ I V“) 1 

.jiJiL p = Ai tiV^’ ^3 J ' ft” ^ I dS a> ^ qImJ ( /(— ^) 

* '^' ■■•^* ; ij la-fcjfc* I ^ 

J = c^^A^ 


^ V * J ■^“ ) 0 ^JSLbMdL^ ^j^ ^ ^ J 4 J*^1^4 • ^ A I 

P ^Au' 15L^ L^ ^ dA^M>4 ^ &S < ^ ^ ^ ^ ^ 

J ^ ^ Lllt-C^ ^ ^ ^ J ^ ^ a IjAl^yy I ^ a ^ 

W bljhih 1^ Ay*^^gJl_* • 1 


Atf L i.:uJl> A JLiii*-1 L ^—)) 

o3- 1^ *Sj j^i^A^ *^10~^^ O'^^.i^AL^ Ij ^ 

I A.jyw li>\« « j ^ Omw I A Am 



‘l n I !■> 
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(J^ Lttc 
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j j Ij oJl>» a5 ^(Tj t) <-Si< 

^ ^ * itf ^ ^ ^jg M ij/ t J L«ifl ^ ^j 1 c^ 1 1 H * ^a*^tM< t la j ^ r rt I rv I > 

‘-^ j* O^ Jrfi» *“ li< J*^ '-^•f }*^ 5 

• C^ A * r »Mi fti ^_C Idw IO 1 m« l«v I I O^ ^ ■* Lf 

^ I c J ^ < f db^ « «XjiS^^a d Lm “v rt . L* Ili a * ni 6 I 1*^ 

^_C ^^ a aJ i^ Ijho j «3 A i \ a * A j jfi 


b^y 1 d^y 
dx^ v^ dt^ 


(I-IT) 


’ ^ j li CifcC^^w ~ { ' 


i^i_^jSJ^ ci£J^ aJjIm AJ.ilaA <-5i< fjf"jj'i t c—*1 jt jl«^l j<i 

^Ij^fat^ (ja--^ ^««>^tfi» »-^ **:^^ t ^PAiaL jb ^5Jl^l 

o'*^ vjjja jl , k—wl .i|(i» U^|^j^jj5la i5b^3«3 

* I* -I. iS^ b J^Im b^ j jieu: j \ ^ ijlwil i^IajI ^l«\fa cS^ L«L«I j j ii>|f J^ IliaI 


I Ajj ij*^ 


, CUmiI a “ .,, j^ , ^ i ^^b’ K f- '* ^ jl '-^ ( \ —^ Y ) 

AiAi»y! Ia — iS'^-^jy^ *vb 

j ^ _■ Ahf A^ ' mitiiiii ^ Im u m ^ jff ^ 'ij 1.^^ jl jl Ji? Cy*^ J>^ J*^ b b kS ^ *^*nf ^ * *^b 



cj ) r 


• 1 ^ ft 1^ 


l^-j I JiM ^ j Suiji> ^ ^ 

*jlc*-,Ioj Uc i^'ftj j >» jV' ^ lii« C5^^ J A % iWi 4^ ; 'j 


^= Zim^i^- ZW>'i + i->'f)^ 


(T-U) 


t CL*w^ ^ ^ ^ ^ CS ^ Jf^ ^^ 3 L5^ lii^Mbw!? 1^ A^ 

J I - ^A -- ; ( ^ ^A ^fr i * <■ '* ■ ; li J J •i LaZ/ J L^ j ^L n Is I Imw ^ Ij ^2 wij-^ 

4 A ” **'jig^A-f a ”.^ lJ^ A^iZ l^-> 

,l^L. r iJUiMf Ij 0* <^w<L^ Clj^ ^ 

J J {S*J^ 2^j^ ^ tSj<^j ' jU j*^ vJe^ 

Ai^ 4 ^■^^"^ Lbi* «M^ d^» L* t kw <»^ l^ LwAAf^ 

(*»<>“(^ t^loft Jgj (_5-*li;j 


m Za- (dx 

► 0 


,, m dm I ,,- 

iim —*■— ^ fi= LjJis:^ 

o-t 0 dx 

lim Aa-»T = ^L-iSjjt-iJ 

D-»0 
X-* 00 


J Icmv I o- J L^ (Y” it) iS 


^ “ 11'^ ~ 5 a ^') } - /‘'^{i ~ 5'^'1 (’^ - "■ > 

L=j^(y,y)dx ciaj^^ {r-1T)«-l-»Li- ,y' ^dyldxiy = dyjdtj^j^iS 

lS *^-* '* *aKj '^l( J>i> j-t)iS^^jSi^ S£ eS 


V5U-^J -S^j'^ IJji-JK a.* ^ tS^*.^r!il Ij /f ^ i, J-oi ^;>^^ jj )K 

» J jS !•«» ^ T i | . ^ <J •i ^ "^(j^ 





, c—. 'f = jiy'^ i ^ ^ ‘ y£ = S' — y xz^jyoi^ J,^!::^ 3 

j) yi^} ‘ U ^ "^5^^ ‘a« ^" .. > v< j I y(^X, t) < (j ^ j I ^ lS^ 

_ t 

^ ^ ^ f* 4iw> ^ r C ^ Ia,^ aS i X aS ^ ^ ^ ^ ^ ^^ ^ ' "■ * ^ ) 

L ■ ^ 1 t *‘ iM>f ^ ^^jhA-4A I I 4 ‘ " - -- J * ^ I i^jho Aiitf X .O»>A L 4 i_^i> I A A ^ «A 

lS ^ L< 03^ ^ ft * » *^ {T"”*\T)j*^ ^ u* j - * ^ 

o^ ^ j ^ o^j ^ (T—^ T ) (j>*^- v*^ '*'^ j*-«* « ^ ‘ « ‘■—MX JA^ .Sf” <(_j ^- ^ -^i* 

o^ If* iiw^ ' omxI ^jIx^ i-S^ ij/ aS ^(r, 0 ^ 0 

‘■■ " ■■MX 1 _^J f^ycS iJSi (.5 


L= |if(0-, \/^, Vv>) dr = ^r 


ioj^am Ij i/^ a- v r .xMx. ; L xijj L{ b , 3" ■ ^ « 


6L d^ I d d^ ^ /. , 

C ' fc * ■ “ * L^ t i ( I T ) O ^ CU.Cj*« ^"imO Ai^i^h4 

03''^ * ^ d «i^ LiCmm I Lj » tjL^ c^.MM ij/ ft ij/ O*^.^ 

'^jy^A^ Y Lxi ^ a j jl jjj I >3i ^ « * {S^J^ 'C.S A-Io1a* ftS ^ j * ^ tJ* 


i.^ ^_0 

dt ^ij/ 5\j/ 


(d- )T) 


( ^—) T ) ij^*^ ^ U * ci/^il jI** 4 c:x^*il»« ■ >X^T^ vImx JA^ 

**om;Ij . (r-u) ‘ 


*^^ 15 * A^U»» ygj Oj^A^ ^ 


£^_a£^ a a.sf’ 

rff 81 /^ 0/ 0 yi I 0Xt 0{0\fil0x,) 


0^l8y~o ^if**i jjlj -S? jxi y c>y^ ** 
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^ ^ a 

a>’ ax a^' ^ ax^ 


d SL 

. ^ 

a d^\ d^y 

dt Sy 

dt dy 

dx dy'} ^ dt^ 




(6—^T) j' 


_V_ ^ 

af^ ^ ax^ 


■ ^ Wv ^ { 1 ^ ^ ^ ^ ^ li^ ft 4S 

^ i i * 4**t,» lifedhiJ^ I < ,; I JgjJtA ; t dh^^ * 4^(^i 0 1 ^ K V| ii ft u5^ 

I ^ Y j ^% iy > O La 4 f i**^ L 


* *^>-^ 0 ^ H = \ 3f dt V*^x ^ I tf#I a 

L-^ AJ K^ ^ * *Ai * O-LdCL^ j I CUamI Ji^ 

Ol^^AO^ aS 

6L 

’'•~s:f, (?-u) 

CIamt j ^ ^ ^ ^ A|*.^a* t J Ou- I* ^ ^ 


Jf=t'i'i^i-^ (Y-U) 

i = l 

ij___*li (jjj *i^ O^ ^ L aS d4M/ 1 ^ l ii H O 

«.S^ j r * l |y i Ijt <^^>iljk« f ^ V ) ♦•iljllwl L( • Ou£iL{ \jf ^ 


m 

duj 


= ^J 


dH 


(A- U) 


1 O-^jLm Lfjjl^ 

jh <S^ ^ ^ O^S^lS* ‘ 




nr 




jr = 






J ^ 3 ^ * ' ” *« « ^ J ^* **** ! iSj^ ^ U •i JlC ^ j ^ ^ ■ * " — ^ 

j^^j* ajv'*-' (1—) Y) *-f {a—^ T) o > *' ^. **^ o^ jL»# 

Tty 

y = ~ i Tiy = 

/i 

6—S I** ' ^ T ' lj" * il;~rf ^ ^ ^y — 0 ^•ii *^ ‘ ft U Sr **#^j ^ o*^ ^ 

, 0—1 Y) ^ ‘ '^j{S“ jLtwl 


jjiiiljS —X' 

tS>i l*i-*i aJ ^l>ol i>il*^ C»^*V* \jr^^!^ 

Ij g * i w> jJfc ^ Ijb^^ lii C A-J^Mt^dL^ 

Tlj -» A; J l]/j -» {j^j 

Lv «Lux* i^ » (^ 1 > ^ «* ^5 I^AJ I5 l^ j O ticd > v< ^Jt *1^ IjJ ij“ it ^ 3 0*^3^ 

^tij f CZx 1^ ^ AxMXX^ 1^ 1^^ 

[A/r'). At(r)] = f^/r'), to] = 0 

f^/r'), A*(r)] = rt5j»(5(r - r') ' ^ 

11 < < dbx |S[^ ^ 1|^ A ^ L> >fcib <_C i^^fj|X^A3 1 1 A^ 1^ I Lj^ A.^ L^ xls-x 1^^ j *> x/1 

(■$!*■ t 3 ^ ^ ‘ 3 I ' 0^3 '"^ (J* ^ oxAiij L( « ^ i ‘ 1 > ^ »A 

J ^ y ~‘■* ^J;' ** *• : j*^ • ^W^l ^"Aa jl aI ^ A i * j«i .i —itj ^ ij/j y c3 ^ 

tjiiW"l^j jxi, ijj^h ol^l( (ji ' i ri -t—J Jll* ^^l^.i*A-{) 

• ^ L ^ iix i I <d ^_c 1*3 J **^ » ^ * "** Apxi 1 xi Aj 1 ijttf 1 ^i ^ j^j^a 3 1 oj 1A^ Lf ^ ^ o^— 1Y} 

, jf^^- { ^ ®—^ Y) ‘ ^1 

{jr^J^ ^Si*J A ltf «-< jA^ I ^yx, j|y i Ia 


Afield = J -^(^J . 'I'j, Hj) dv 





Cftttf*-' 0 4-V'" 'Afield 4^j > •i^j-ijj.o ajlj (jL^ 

Afield 1 field) = £fi^,d|field> 

Cw^ ' *-**^ . *-' u^'^sf* LS^j-i f Ij 

■ cS Kj j O ^j j*^ i^jl«iA# 


.1 III ^jS* t ttjjjiSLi I ^f 

* — ' ^ ; ^J iJ^j^ (,5^e"^ Cw-pJ^^ jl ^_5S5^ ( 

j Li ma C 1 J ^ Jkj^ L f ^ " l«M 1 ^j|i j tM * 1 ■ *■ *!» ' .'^ ^*»iii ^ 1^ ^ 1 »^|U> F WW 1 ^ L ' l I ^ 

lS B ^ E tslftaiJ^ f \l^si L> Ja^l^j 

* -‘ ■■' ^ (• ^j t . " j 1^ J L^ I j I l__>i^ Lfcy , . \ I ' lMi ^i ' ■ ^Jii ’ i m a L< ^ I ^I.Xi^a_/ a . ” i«« f 1^ 

t ^ 1 la t ^ 1 li rt «h > ^iO 1^ L^i»> aS 

j-_Jaj jJ (j«»« if^> I olj j jl (j»^«*«> 6 *‘*' 


d'^Xi „ ^ ff 

m -^ = Fi = ^E, -I- ^ V,. X B, 


(n-1T) 


. i i Lti ff i ^1 i ij *i jj wjl** LiAt ^ I ly>j l« ^t » < i B- ^ Ej- ii)"^ j ^'^^"(,5* a >i I >i 

a 1 ^ i^yd^ ^ lju L^*. * 1 o/^ 

(0 V • E = 4np 

(Y) V*B = 0 


V X E=--6 

c 

V X B = i£ + — J 

c c 


( IT- lY) 







^^ oLcCiivoA^ * ^u ****j^ 5 


P = I ?<5(r - fi) i j = Z?''i^(‘'"*'i) 


(ir - IT) 


^1 C:*«,l4J^^^« o'*^ oUxlliv* B 3 E iJp^L- 

^ytM^ o-^jLm ajliCLi^l Lrf «uijl^i^ ( B j E ) AiJ^ u*^ • « v * r M«i ^ > ' ij t' «i »ft 
B 4^ ‘ V • B = 0 ‘ dJjljM . AJLfL *iJ>» jV'?~^ 

j_5jl«i_^ J _ ‘«“ ' 


B = V X A 


(If - n) 

• tJyM L 


V X ^E + i A j = 0 

1. \a^ ^ ^ t *'* ^_C ^4 ^l ^ >«ii * ll^ ij^i fe >4j ^^<0 4^ I Lo «4 ^mv 4 i ii M ^ii^ 


E-h-A=-V<I> l:^ E=-V<t>--A 

c c 


( IT) 


AiJ^ jV^" b o**^ *1' ^ A A-. 

ijyw Li/ iiA ^ l5«SLv ^ j ' 'j 15^ ^ ‘ ij *" ■■ “« ^ 

-hB s E oULi-^'^^LS- o>^'('T-'T) j () \-\T)^^ O^^U* . 

. jL^yt <I> 5 A 

<ojy->4u{ 


i = J(-2’p.„+-*’„d+i!’iJ* 


•^’p.rt = L i"»<5(r - r,.)u,^ 


(l^-'T) 


^TjJ dS t 




if’„H = 


^„V<D-iA^^-(VxA)' 


£^-■5^ 

87r 


•Sf'int= ‘-P<I> + 


J-A 



o ‘•s) r 


(— )T L** (J ^ < t; ^ ajij ^ ^ i P i 

L>w ^ Ij L^—rf I ^_C La ^ Lttt |bJfc ^ ^»Jb 

■ Cl*»» Ij jo*< C** I iSj^ 

J 1 t i' ^m ^ Lj-C 4 ^ f'*^ ) Y ) J ^ ^ ^ iii * **M ^ ^ ^ L 


^ = ll = If (“ ^"^ - - ^) = ~ 

dA dA 4nc \ c / Anc 


( W- U) 


t5 j Ji^ ■ '^**“ 


^jT L &jt^ f Lt ^ jj 4> o>? 




' (Pi - (q/c) Af 
2m 


+ qO S(r - rj)| dr 

(u-ir) 


.B = VxA5 E = 4frcn j-i ^ 
T j I tXi.^ ; B ^ E i X i * <i M ft ^ ^ j A' ^ ^ l* t ^ 

L^ ^ > Jk *1/ T < " Iwi 


A-+A + V;;f, <E>_»<I)_i: 

c 


( l^i“) T) ^ ( ) f—^ Y) j** B 3 E « OimI ^5l«jjj i^Sfi X o"^ J** ^ 

* — T ^ L, j 4 ^ ^- ..imj (JjI L{ CX^ ' ( T —\ Y * I* '—) •ij l*i— 5 (_y» 

4^ J ^ tS ^ ^ ^ * Cx * '^y^ 4 *iA Iam I Om« I X ^ ^ 3 ^ 4 ^ IdL^ 

<0|;>ij iV ■ ><« Y j j 4__S m > i >jj^ *iii t | fc| . ** ^ j >i.>w» X **“ Li* ^L^ i < I *-5i|f L^ ^j ^3 A 
< ~*w Lio L( I j ^ &S^5*i ^(^j *^ '•Si Ls V * A =4>/c 

l^j)^ L« 4i l* if j >Sfi , ^iyii^jA y^''^ ts*3^ ^iS J'^ t5*^L<3 v5 ^ ^ < *■"**“ ^ 

^Tj^ tS 4,7 If, t ^jilmftZ ‘fti / o M U JualL* 

v-A=o (n-u) 


4^*->* Jtlj Jl^ o'>^4-f * 

H. Goldstein, '* Classical Mechanics", Chapter 11. 
Addison-wesley, Reading, Massachusetts, 1950. 





(.i) Io ^ t |>.i (^j-' ^ ^i> L>4^ j I5<^ TI(*> I A_< b I ^_^ Lw', ‘ I L 

• (j'L. 

c:^lj ^ySL aJjLm —\ T ) ^ 


V^C) H— — (V • A) = — 47ip 


V^C> = —471/3 (c>"W aJjIjmJ 


t ( ) T) j ^ ^ 4 ‘ L 

(To- U) 

CS"^ ' ( T ®—1 T ) '-r'^>?' 


^ ^ r p(T')dr ^ r l,- gS(r' - r;) dr' 
J|r-r'| J |r-r'| 


jj, 1^^^ b aJ '^i- T 60 I O 

^ ^ 1| J Ci ^ ^ IO^ ^ ^ ^6 J ^ I^.M* I^A 6 l|jyyi»^A^ (|) t 

. CU«4^ 6JL^ ^o i ^ ^ aKtfLi>ii4 «-S^ <J) tS •\g O J ' *"**** ^ 

* " »•«“ * '■^ 3 ( jt ^) a ^ «*< h tSj O 

*^3" J<3 ( (J laJ J I* j jti ^ 


A = Al + A-] 


V ■ Aj = 0, V X Al = 0 


(ojin - u) 

( vn-u) 


, ciuw I IS^ A aS a . » < , » ~ / » ( ) ^—1 T ) ^ bj#^ 

t a^wa ^ ia ft B aS a i« 7 1 ^ * B = 0 ^ ^^***^b ^3^ aJo bai^ 1 • a ■V* L:>eJ J5-»JX 

, ciamI t ajU^Arf 03"^ 

;1 . ( )Y-U) j' 


E — 47tcn = — VO — A 

c 



^ 3 ^ C) ^ I* 


E — El + Ej 




o'^j’^ dS 


El= -V<D = 47rcnL J Ej - X = AncTlr (TY-IY) 

c 

iS^J^ A <^jy^ 0«f ^ J 4~^ j ^ j-f^ L5^ ^ *«-' j*^ (YY— lYjj*^ E ^>^ I 

( YY—1 Y ) j' ■ oaI^ 


= Ej^ + El^ + 2 Et - El = Ej^ + El^ - 2 Et * V<D 


E • V<D = Ej • V<D + El • V<D = Ej • V<I> - El^ 


AA 1^ ( ^ ^ Y ) La • Ja^ l^j I j ^ d J I i-f 




r(Pi - (9/c) A)^ 


^ {l ■*■ ~ ( Yr - 1Y ) 




jl A ^ Id * Ilf I L ^ f ^gA ^ ** l^w f J ^ 


V • E = 47ip = 4itl.iq6(r — r,) 


I IJ A 1 ^^ 


/•E-V<D ^ 1 fV-E 1 r 


J Et • V<I> dr = — j <PV • Ej- = 0 

^ 1 * * La f I ' ■ I >i ^ I ■( lS j I d >i Ld ” M«> I L( ^ ^ Y T'~~) Y) j tSj ^ ^ 

»v** «XA 1^^ Li*^ ^ s J ^ I 





fri 




(Pi - (g/c) Ay ^ 1 


2m 


\<I^i 


jjS ^ j ' « l | « « Lte I ® 1 (j ^03^ ^ j ^ l <" «*i I L 


^ — ^r«d + ^p.rt + ^im 


J iS 


t 


Jd^KS* 


(£t" + B“) <ir = J^ [( 4 )icnT)" + (^*A) 2 ] dr 


^p-=i:^+^ii 


Tim 2rj\Tj-Ti\ 


(Tf- IT) 


(^li^. <* Ik^jti aS U f I (j-'J * J l ** ^ ® j El < LS*^ ^ 

( Y T ^ 1 T ) ^ ^ > 1^ ^ aJL&j^ r A^ li A w* llXo * ^ 1 

^ Ia ^ ^ 1^^ aS (.5^ ^ j ^ J ^ 0*^ ^ ^ U tS tS 

Lj? ^ O** ^ A"<M|J l^ ^\^w” ^ 1*0 ^ ^ ^ ^ ^ ^ ^ ^aIsjl^ ^ 

' * * * j>i I •ijli.ii; Jff^\^ «i iS^J i j |2| « * < 

» ‘Sj^ Vi»»« ^ “ J J (Jf*i ^ A>J«AJ^ j I 

t 5 ^ 1^0 ^ 0 «f ^ lj*i y *M> I OJb iiJ >i L$La&^^ i»ju ^IA|^ 

(9 = Pi — 0) ij^ij'^ ge* O ^^ 0 ' cr^ ‘ 


IftjliL^ 4 jljT^b ^ ^jjl^ _ i 

A^ ^ ~ .*..i«> I Jf^ic~t * **^ " . * L i| iS ". .>« L> ( Y Y“~) Y ) J*^ ^r»d *>^^**“ ^ ^yJ ^ 

A'V i n j Ij O L» l^~i^ ^ J ^ J ■ ^ ««^ ; ^Sj*“ '■^ OyyiOA^ Ij <i IjT b ^’ ^u ** O mo ^ i-^ 

^ [* rf *^ cy* i^^L^Aii/L^ j«i cl^I^Ia-^ 

JSutA^ I aS I^ k.S'lj IS A^A X . 'k J)** La ^ Owrv I A f *> ■ *-S^ 


Uki = 


{AnY^^c 

~7^ 


'k»« 


ik T 


(Y<S~ lY) 



(j? (j (-X^x ) r 


ffo 


^ ^ k ^ y j !jj*i>'>■ I « A ***... a^ 

f_C i^^Aj ^ ^ t5^ ^ ^ ^ ^ *' ■«** ^ k i '' i.^ii ^ j ^ ^ j I ®k ^ jf ^ \_Y* ^ ^ ^ 

'^Lwj'^ 1*^ Jj_5^j tsb jjLa Ji^ ^ji;l , ^1 It. J-! 3 ®*‘> ®k.l 

• Uk .1' ^/r = 47tc^5tk, b^^. ( Y f - 1Y ) 

yaj tsLfcJa—K 

A(r. 0 = E «ki(0Uk>i(<-) 

ki 

1 (YY-U) 

HiCr, 0 = ^ E PkA(0UkA(r) 

t JSyil^^ ^ ft ^t, **«'jk-< tS ' \ .< r xiiifcA . ^l AMiif ^ji i(f - k> - r Pii 3 ^kX. ^ 

J l>»i» j—liU . ^ ISa J I kJ ^ i \ i~ ii M A Lj j I 1^ JaJu PkX ^ ^kX ft^ ft^^) 

ij " ' " ‘ * j * '^y"^s* Cj*e- * -' * "^y^is* iJ*f*^ t-51^1^ j jj kS tsjj» k 

Lw Lib L^ t ^ ftU^MH^Hjl^ * J**- ^ ^ kXfi r ft It JL ‘^ 4 ^■ '> V > ‘ 

jljT^j^b I^J .kl l ^ A (A = 1,2) 


i>d^j-sLi< . *^>-*j_yA /k X o^ v^*-< ^ cuic jl jb J-fcf 

VxA= Y. «kA»kxoj,i (YA-U) 

k,i*=l. 2 

‘(Yf—1 Y)Lkl^(\_l YjS^‘-^j)lt X Uk2 = -fc Ujji j k X Uki = k Ukjivrl^j jUjlic^-IL 

«j:»* I J ^if ft* ^3^ (^jLakjLM j^jIiAJA jl « kA « 
Jl V X A|^ dr = X ?kA^^4rtc^ ( Y*! - 1Y ) 

k2=l,2 

vju^lj |*rfAl^ . (YY-U)j-i Ht ^^kL^k^y; U ‘ft^L^ 


jj , jLiiUtyi-ift- ^b (YY-lY)j-i 15^^ K 

< . \ .i.i5^jA-? j J ( Y 6—1 Y ) (^sLA"^ ft^ J*^ ' '^3** 

, JC^yiAA ^b^ I '^3^3 U 3 ft*^ b 45 lk-b»-^ J-{^ J3^^ c:/Lf«<l»»A 





' ‘" (4Kc^y Jtx f''^'^' "^*^' ‘ “•■ 


(ro - n) 


( Y? - IT} j' ijli::-.'j ‘ ( Tf~l T) 0:f' L 


■ I J 1^ I 




+ \V X A|2 




■ijtf (jb (^ CSmm ^ ^ aJ (jLA ai ^ ^ ^ ^ja rfj^*lj4 iib , COj^ ^ O J ^ 

^ ^ I^JI0 • Jk^ £^a^ J ^ JUmMM ^ dkS* ^ ^ ^ ^ ^ 

j I ^ La,^ ! Ij hX* ^ Ia jSj Lm^ j I ^ 1 SSjSb 1 ^ 1 ^ ^ I^V Vj Ia jfjjCkJk ^j i iJL * /^k^ j 9 ki 

{^oj-ai jJ A ‘ <«mm« ? j _^Sii L»^ ^ if—'^3-f-' LS i*-' l^A^ aS 


Jl^ C—« >iA^ U 


A ^ = Z 4kA«kJ. = Z ^ 


(rr - K) 


= 7—2 Z A^Uki - Z ftl 


(rr - IT) 


J a^ aS 


^kA - ^kiUfc^ 5 ftT ,;i = ^ ^kA«kA 

(^IftAiJ^ i^^x 0^4?^ tjiii^*-fi^ ■i=’-f^^j ‘ (\ o—\ Y ) Ajli;;«.i L 


[iw(r'). Aij(r)] = tnT.,..(r'). Ht^CO] = 0 


[^k'-l'(*’')i ftTkiCO] = — *■') 


(rr - lY) 





tS LaaiJ^ ^ UjaJt ^5j II j J U L 1 ^ «<SjMjg I* ^ A£ I >< 
(• ‘ t5 jj ( T" 'f^) Y ) j ^ tSI L , I j j - A Lai j I *-^ j ^T J A (_5^ 

li { T f ~1 T ) ^ Lf 5 L<aj 


[^k-A<,<Ju] = [^k'r,^kJ = 0 
Wk'A'> ^kil ~ *'^^kk'^iA' 


^rad — 2] i^kil + 


(r<5 - IT) 


(Vf - u) 


ij^ d ^ f 1 ^ ^ " <>iw Li#^> ^ ft^ ■ 'K « u ia jijgS 1 ^ 3 ^ 

< ^kaaiMMA d *l>i^ AirfX*^ Mt* «Xa «3 ^ ^ ^ dS J ^^rfJLpMM>a 1^ L^ 


|rad> = lVk^;i,>(g> |Vk,;i^>(g)---= \{vt,^}y 


ftjlj (ji^ U«J 


(TY - IT) 


^i^i ^ 1 <jLa^ I dJ L^ ^ i X ^ k. «i<a ^ ^ijAwo jlxc I Ia ^kA J*i 

IviyLfA oJIa- (^jjJL 1 ^ oJL»- ^ L dXl {^ki} 


e(rad) = £ (v^^ + 

k;i 


(TA - n) 


»• * * isLiiljS l^^d^ Ij ^ iJv ' (YY—^ ®) J (YA—l Y } 05« ‘■^ ^ 

OsPi^' f^-^c5-**‘ ‘' ‘‘f " ’^ ~ tSj-K* ^ (S'yy^ •Aa ^ 6^ . JjIj 

Lf, J <sSy~ L; ^ Cjj^^ *-) ^ 

‘idjK:: aS *•>»" < e = 

A I Lj j • p^ = jj ^ 1 * ^ L tjc ^ Acujt/c . I 

I »v liljkjCi Ij 4 ^kA ' A oJ 

k5jj^' t5'j'‘i( Vfc^ = 0 (*^ ) 


^vac = Z iftO)* -♦ C30 

kA 


;jj - 5 I Oy?" ' j_y«i^Llie3^pSJI dAAvt* • 



ffr 




‘ ti : iS'^S^ tSjJ^^ J*^ j^iajL*A ( dJi^jL Ij-J t OimI vT^b 

. ^L^I (Yf_^T)j->ur^/ 




I ^ " t 


Ajljj-^4j__i^j A lii—3*-f CJ—(>— ‘' «^ ^» ‘> '-Si- t^bU i5l^lU- 

'{Tf— 1 Y )jbjtj 5 ,^j^Alfc^ . 4 J ^Lj /? = +l^parl + ^in, 




(r^^iT) 


^ ^ ^ ^ ^§5 Lb ISif f <. '* .4 / I I 


tS'x 


^^,^4.8X10^°^ 
c 3 X 10‘° 


iZtijytOAm^ ^ A «JmIw Alf -^»A 


^int ==i - ^ E 


■ A(r<'>) 


m 


(Y>o-U) 


<S bf -V b Aj^j c AUja^^L ^0 ~ ^rad + ^pari V ^ b • •^>“ 


^ iji** iiia I rfi itZ-^^<oA^ JuL- 


>'^5' O 


|a> = |rad + part) = |rad> (g) |part> = IK^}) (g) |/> (f ) - i y) 

A b V " -ii l^ p ^ " PPP* I ^ Ia^ pA ^a-UPp^MW Im-iI A^^^ '--^ ^^21-l|- Lapi- 1^) O ^ ^ p4^Jw a AMIty^ 

, , \ i I * b A •Xl^ ^ p^^Jb p^ L^.. ~ p 1 |t.<b j ipS*^^ ^ ^ L^p^ppJ | 1 pA tS |*^ I Aa j 

jl v ~ i^ip I ViIpj L^ ^ CJ 'ittjio bj tpMpiJ I** A<A,f*b{^b (.Sjj--^ 


^rad + part ®i(P®^t) "t" ^ l^kJl 


{fr- IT) 


1“)T )j*^ l5 ^■ ”S (.S^j .bit {_5 Uj j ^ <3'^ b Lto ^ ^ ibc dJ <LtMt I jiyo 1^ 

. pH^^ 



^3^ O ) r 


tff 


i , . 1 ^. ^ b ^5 L^. 'i J L^ 


is^ ^ {f o— 1 Y) '^jS u®^ 

\j vJj' (f 1-U) 

|a> = I{vm}>|/> 


Ij I b ^ >" j— ?* {^ki} 4JL^^«i iS 

iSLyjyt^A^ l^M./ vj r < I L^ • | i *^ iii ^ <<lF A ^ *Jj I 0«-l ^)Sbl|#LaJ 

l»= IKJ>l/> 

* (j—) 'i—V5^^1r-' 3 a:;^^ 

A jl J (■l»vjl I/) (^V-^ cJU- I^A^ |/> kiJU. j\ <S^ j^Iaj j • {{v^j} 5^ {v^^} 

( Y ^•—Y ) iJ^J* A<Xfi Is A l ij tM^A^ Jjl A-W^ jl A? iJSlIaT 


In r 6<‘‘^ 

= <alI^.A(rf->)l^> p, 

" L i m j = 


(fr- ^Y) 


. ^=qlc jj iS 

' tjiAj j <^A^ 'j(fT—1 Y) *Ak-lj 

< A Lv Aft L/ ^ YY”~^1 Y} A j iirfL>v> 

{]) 

P = -y 

i 

j (Anc^y^^ 

v/l^ ki 

jLAjly:^( YY—^ Y ) j<«Le< j j^Ujj *rw^-P^ 

A" i * ^ d j y M ^ ' 




m 


I <{U|4«l{vi,»ek, • </| ^\/> 

k.x m 


(YY- U) 


3 >* ■i'^ b 'Sjj-^^ *-^ U t5i^-2Jl>- i^Lftjf^Jai* ^yS^Lb aacIi ( y ) 




^ ^^Ai^ I ^ d 





ffii 


e. = £« 


£i + Z Vfciftoj* = £/ + Z vi^/iOJ* 


kA 


kA 


(fis- n) 


J, j,o\jkS. ^j^_ 52 ;_y• ‘ (^r—f ‘ f ij'^ i3^ 

j5fj Ij ( f'f—^ Y ) 'aJj? 


<{VkA}lZ'?kilKA}> =Z <^kAl 4 kA|VkA> 

kA kA 



(ff- n) 


^ JU>(S ^^ r j ; « III ^ ^ J ^1 i V i k i * ^ (_| J (xtj^lsdif 

, Ji—■ *'n i» < h j^ 1^ I ’ V i iy ^|jk.Xu ^ J* ' V ‘ ‘" u! ^ J "^ ' J ““J/ ^ 

' t N ^ (^j ^ * Ojj' V ‘ ^ ^^ 0*f ^ J*^ » >A ^ " iiii j iii aS J^ 

•^—i^b (Jjj-'^' ( f ^1 T ) • t5jj-'^ c 5^‘ *“v 1;^ iJ-®^ kSj^S*J-: cS^j-f • «i^L;£j > E/O^ J*^ ^ 

«V I' l»-; j J ^ li * l» I 1 iXi/ l|; Iji^ ^ * j ^ 

tS^ L{ (5 JaJLj ^ JajLj 


co„=.\k\c^-^^ 

fl 

Ji__jfL ( f ^^ T ) J*^ ^JbJJ Jaii tS alij a.Xl 

U (5jj ^L alj^l 3 (Jrf-*^ >1^'^ tS^jf) (5jl.. v ^. ? ' 

|kI = ~ 

c he 


jl k (j>->» b (jl>< (iji-fk* ^) l+>^L»- (^1^ ( f) 

Arf \jr* '■^ ^SJ 


i^dk 

(Iny 


— Pi<o) de = p(o})h dco 





f''k^ dk ‘f (n^ doi 

IW ‘" Ih^ ‘‘^ “ 


. . i^ 03^ 


(fY- )T) 


-L^ ■■ \ -« *' «.>.ii ft Lt *Sjy^ i5^j {^) 

t5j^^ 'it'r<|ll,{A^r ^^[s* C,w^x^ • ^1 jLoIj I 

>1^ AA I d«ij ~ I U dj>S U 


</I0^''‘-|/>:.</|^|/> 


{u- n) 


t dajjjIS a^ y j aS ^A4 m I ^ jjjA9 j^ ^ !♦ ft f A|^ O ^|*fe ^ ^ vl)sf ^ 

t5jj 9 ‘ { t Y—) T ) 15^^ «Ax li j J 0£ 1^ ^ 

I^J 9X_c* i^i***^ u^Jkft Y I J l^£u 1 Lft 1^ 


_ 2tt e^ r 4nc^ hjv^i + 1) p 

A c4? IT 2(0^, m ''^1 


m (27rc)'’A 

^ 1^ 

• 1 -V I I/-V 


9 _ (>. flj 

m /A 


<‘l ^ l/>=^<i|ffl-flf|/> 


=V^<fifi/>=^<iifi/> 




•.A • . I »■ 

u Vls* 


«X«v tJJb I 


0<f* 


e^Oifr r 

~ Si*? J + okkj • <fif i/>r 


(fl-lT) 



tfy 




A^/ 1^ ^ ^ Y ^ ^ ^ ^3'^ ^*\i ^ (.s ^ i3y^ A^i-j *1' ** ^ * tf> 

C^J^ t*S^rfK ^*i-A A I j U( 'f T ) J'^ (^Iti ■(" 0 A * 

. fc = ^ifl^ ^ *S3J ( Y T ) J j* j <L:>^ • (* ^ ^ ^ L5** 

j »X*lMiyJb A ^ ^ ^JL<iii>c ^ IjCw ^ 01 ij^ ^ r »A^*» L^ A Jk^j»#inJ \s ^ A^xJ^ ^ 0*J 


Jm: (f 


^ \x — '^k 


Z(^kA + UlCki • <'|fi/>i^ = (Vk + 1) X) !<j|f l/>l^ COS^ ©k^ (^o-n) 

>■ A=i,2 

J-fl U- f Ul . ( \—^ Y JS-i) c:*«. I ®kA J ^*’X/ k>« *=;jb ®kA o^ 

1*1^ J I I 1. * . ' IMI I *_^ L/ ^JyuU«SA m> 

^ cos^ 0k2 = cos^ ©k, + cos^ 0k2 = 1 - cos^ ©k3 = sin^ ©k ( a a — n ) 

/l=i.2 ' ' 



jlj^-*:;) dJtL Jj1;L*a , e*-.! ( ^ks , k siOi/OiK *«f3*j ®k ^ 

j-^j j* i ^k jf'x >^'>^1^ ''* (k f 

Jj» AA j» J ^ '-SiA > •X^ l]U \^}Jd~t J ^ 



(^T- U) 



(S“^ ^ 3 ^ o 1 r 


ffA 


■ I ^ i"«1L«u J 3 ^ A ^ 9 V *'M M Id I V ■ * f d 111 ^ ^ I ^ ^ Lrf d Li ^ ^^i i i-‘^‘ ^*-f»i 1 

I j I A ^ L i ff> ( d l a ^ i^yy 1 p > i T 1 LsJ 1 L/ 1 *1 la j v i 7 i w 1 ^ Vj^ r ■■ dg i^ d-J^ I 

d liA j^ » t,',' < n 1 1 ^ liii* ^ . ^r IaJ 1 t t d L 3 Jfjp* ^ ^^' *J| 1 jSu*a f 

* I V ■ jpi ^ ^sf^ J ^ 3 '' * ' * **** ^ d^fclj 1 ^ dJ L^ j 1 d ^iwi ft ^^JpPMM^ t ^ i fr t T ^ pi 

d-jj^A-g ( A Y—1 Y ) ipiiA Y ^1 


nsponl _ 
■^a-+^ — 


Ae^coff 

3hc^ 


\<i\t\f>\^ 


(<ir-)Y) 


, d«>«* I A-t^ L>wa ( ^ )—y ) j.i dS < „ ' I ^ ^ J ^ ■?v^ 

, dgi: (.SjliYjjjJa Oj'^‘ j '^' k.S^l£a ^I5t5j,^d.»v^ On^ 

i^fj4 j^J d Ig i m jd-; cfu> *jLj Pfa<l(tt>} * USjJ^^ 


2v^fi(o 


dk 

(2nr 


= Prad(w) dO) 


A^ piA i*ttf I ^ “■ d t Ml ppuf 1 Ly 

k^ dk dO.^, (o^ d(o / „ v 

2v* fio) = 2vt ftto <iftk = Pg3<i(co) d(o (- U) 

d£ly^ —*■ ATI (^j I pi —?_>L» 1^ (J pi j ^ ‘ Lippaft , pi^Jv^^ dJ»l,; ‘ ii ' Jjl-Jaj lpI.Jl>pjpi j 1 

CuiL jfcjcAl^ I Vj^ ijlj-g dJpilda L , pijl—nja jL^ Ij 

^('=“ 7 ) (44-IT) 

Ayt^ja a>v,a: (<iY-U) ( 6 <i-lY)o‘i'‘‘j'j^ ^ 

- “ 3 ^ I 0\^\f>\ Pr,d((0,f) ( (if - U ) 

. pi^t^ r (At-Y) U ‘Orf^'tS " B ’’ u^^dp.^^ dS 

,j_^b o'-V* (Af-) Y ) j {(iY--^ Y ) t^l^Y 

^j_Jr>i^>it.^^j:; < ^ Iip—-bab Jjl d-ri:^ 



ffH 


^ ^ j — C5j ^ ^ C < j %n J ^ j/a.O AiL 


Lf i v ■>■■ ) ■ I - ft * J J 6 All >.jrf A^ L A All J J A aS Lfcj I 

^^j^jA. ^ ~ 5000 A (^IajIaS'jJ . ei—I 


Ox 15^' (^ 


kU.1 


<.5J ISLw ^ ^ (A ~ 1 A) X A*11 J;i“**^(.S^>?> I i/ ~ 1 A A IsL^loS 

. ^1 v^L-b 

* ~^l^' T ^^■ ' P ~ ^ 3 ^ ~ tSjX ^ ^ AAJ l«A j A ^ IA^ ^jt." «Ij5 

L O^-^*' aIj Ja^j ^_j1,s.^-.Ic:-.IL9-a^ u*>^ty *-> 0-^‘ ‘^ts* 

O "eftf “ ^ bl« A-> j J b T b J ^ b j_5 l|- l i^» > - tS A*» Ij 

■^j ' ■-' J ^ (ji— b J A aS < CA.I I ^ ‘‘ " ->t -> - t>i I Ij Aj IAJ j 

• (^-'Uf^) 

J^^aI-^ja^ ^'jy ' A-lb Al-^b Lj-jyjji aIac , Aj^^b 


Vi = 


1 


g + ihtak/kaT) _ J 


o*" ^ <|S ^t—'>'^* O^ ^ J '^^>* tSjX ^ ‘ ( ii 6— 1 Y ) j ^ ^ Lf . Ayl^ A A IA 

^ I <Amw 1 1 f C CO 


Pr.d(«) = 


ft CO^ 

g*“/*BT _ j 


, c—I ( ^o_Y) J^*^' o^ "litfj'i 


jUj— CwAlsi |t AC aLjIj— ,jAJ» 

j IaaL^ ^ISiiI ^ Lili A ,j i t « LuIj " 11>- ^ ^s\ *f 

A^t-oS. ^ Olc ^ *r ^ Ouc ^Aiw I 

^ JL^ I ^ ' t>«* • '^^3 ^ •uTf J--ai aS 

i ^ 0^3 ^ c5^3 * LjI* CpJI^ siSfi 

^ (3 j^Jp L? \s v^dj t,9> ^Sif aS diAiiv 1^ jSaS J J Lf • 1 ^ 

■» 1|| \ P-III—ha^Ai ft 3^ Lrf J ^ Oi Ji*^' In * ^ ^3^ ^ 

j ^p ^ » n * ^<3 ^LmS f Jk^ |fci*Miinjh>yA.rf i j C5^3^ ^ ^ A-4j^ ^A 



c 5 *-^ o ) r 


f&o 


aS wilj 


U 


' Cra-i iSjt :^‘ T t5^^j 

eS ^ytt^^^ga r Ac < I j I Jl^I t |» <X£i^ j ’> <J>r e ^ I I 


Ac • T ~ ft 


c^jyot^^ ^UjA- ft“ i,M-Jjjl AS'JU :;^^ —^Yy J-ias^ ja jlc U ^I*;.Vi,i,I ^ j 


(1 - cos w,.t) 
^i/T) oc-j—ii^ 

TO)?. 


(l-cos(f^)t) 
~~ ^ 

^ - 


a *IjiJ I h iii t; J ^ j £( Lft J ^ ^ J ^ ^j il>*^^ 

aS <^I.»i^I Ij l^J<Jl>-a-f jlAS" <^y:^y f JUipZ^I *■".■■) JAj j >.••.■■)I 

a^IpL^^a^ *4 « &iJ^I ijr«JL>- ( 5 j^l L 


I®/ “5,1 = Ac 2 :; - 

T 

, OjlaJ 

* » . 1.^ l * i m| < I aS^/ ja-f^ A-^CW^ A^ S * " ’ 

o Jl* A l|.> « > '^ < aj^Lca»j • a» x, ^<<^ , t^U 

X ^ 00 ^ Ac * ** « j f ^ ^ J^i c a^^ 'Ol^^ ft * * * ^ i c T 

, 

y ^ ^ *i<i g T ^2t' Oba 1^ j^J?a^ <1 *^ fca < ** Ijft a ^ ft i*\ -rf ^y 1 ft^ t." <n> ^ Okl^ftbib ^y ^ 

* Jlift 4 .iSsSfg* (j-Ae*^ jtj j* 

^ ■ '^,. .««« aS ijiji f ^ Li*aj^pSJI ,ji-{b y Li ^51#^*^ 

^ " ■" fcxo j^_5itfLftjl ,ji-,b ^^^ o>?" • (^.^rf^Aj^^ u^L: L 

L^ y ^yti^go a bi|<a b ya P ftS ^_C >Sy i i" ^w ^ La j dbObaftb^ 1 ^ 4 7 * ^ 4 i ^ ^ya ^LftJI 



fCi\ 




j ^ y,- . L j_5 l^-jJ L>j j < j y“{s* 

L«^ j ^ ^ ■«i '* ‘ < ^s{ -Xf! •i 4 S I** • jM ^j j •i ♦ >—>««< IA «A^ * IsJ I I j 4 S *"■--■ I 

I •ijlj «^> ——* 'J c:** I jl (^^1-' 

Abi - 

tf 

^ ^ ^ i«X£ ^ iZ^ymt^^y ^ aXa I i iillwia I A-a ^ J aii ^AL/ I* O ^ 
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tflj-j <A.I^I^J , AlA Jawj ^A^A^ Cw^ <3^^ ^sh^. 

I A * , “ mm ft ^ j KZ^jyo^ ^ bj , Cmm 1 bS^ I vA4>w j I ^ U- i^ya^ I ^JJ ^jj»j-( 

A^ AA> \ja 454-? bS’A-; J O » 

P. stehle, " Quamtuin Mechanics", Holden-Day, San 
Pransisco, 1966. 

S. Borowitz, " Fundamentals of Quantum Mechanics", 
Benjamin, New York, 1967. 


1^.^ T j j ^ 









^IS j ^ ^ ^4, j . > ' U <■■*< > *."*• Mf j t, " <■ M^ j Lrf &!>^ c a J ^J 

J j IJ J ( ^ “ ^ J'^ X ~ o) 


X <a 


X > a 


cos 


r" ^ 

Vfe L*’:. 4 , 

1 . rr 1 

—7= Sin k dx — -n 
Jk LJ. 4 , 


^exp(-/;x..) 

^exp(j;x.x) 
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i (_5.i«,f < ^ Y— i_aJlj j j ft 1^ ? - v^->^ (J-;^ 
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jT 1 .^ IjLj • 

(j) — ( T® ”“ *—iJlj 

Li kS^j-1 3if j J^*-! L*»a^ ( ^ i-iJlj j J 


iko^^L - koH^Ly + n^ko ^'=0 


(T1 - ^') 


A.*^!^ wb^A^ )K 

H. Goldstein," classical Mechanics",Addison-wesley, 
Reading, Massachusetts, 1950. 

•Xff^ a.a:>I^ IsSa./ jK4( 

S. Horowitz, "Fundamentals of Quantum Mechanics", 
Benjamin, New York, 1967. 





fpf 




(A 0) j ^ ^ I*MW ^ ^ ^ Y^ IJ L Av{ L«^ ( ^ ^ ^ ^^ aJ ^ 
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